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FIG. 1 
Carbonate Region of BPA Homopolycarbonate 
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FIG. 2 
Carbonate Region of Isosorbide Homopolycarbonate 
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FIG. 3 
Carbonate Region of isosorbide-BPA Copolycarbonate 

(Mole Ratio 50:50) 

154 153.5 153 152.5 152 1515 151 
PPM 

Carbonate Region of Isosorbide-BPA Copolycarbonate 
(Mole Ratio 25:75) 22 
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FIG. 5 
31PNMR Spectrum Copolycarbonate of isosorbide-BPA 
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FIG. 6 
31PNMR Spectrum of Copolycarbonate of Isosorbide-BPA 
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ALPHATIC DOL POLYCARBONATES AND 
THEIR PREPARATION 

0001. This application claims the benefit of the filing date 
of provisional application U.S. Ser. No. 60/533659 filed 
Dec. 31, 2003. 

BACKGROUND 

0002 This disclosure relates to aliphatic polycarbonates 
and aliphatic-aromatic polycarbonates and their preparation 
through melt polymerization. 
0.003 Polycarbonates are ranked among the most impor 
tant of the World's engineering thermoplastics. Bisphenol A 
polycarbonate is currently the most widely used polycar 
bonate and its world wide annual production exceeds one 
billion pounds. Polycarbonates are used in hundreds of 
applications Such as eyeglass lenses and optical media, 
where their transparency and tough physical properties are 
beneficial. Traditionally, polycarbonates have been prepared 
either by interfacial or melt polymerization methods. The 
reaction of an aromatic dihydroxy compound Such as 
bisphenol A (BPA) with phosgene in the presence of water, 
an organic Solvent, an acid acceptor and a catalyst is typical 
of the interfacial method. The reaction of bisphenol A with 
a Source of carbonate units Such as diphenyl carbonate in the 
presence of a catalyst and the absence of Solvent is typical 
of melt polymerization method. Each method is practiced 
commercially on a large Scale. In many cases, desirable 
properties can be imparted to polycarbonates by reacting 
together two or more different aromatic dihydroxy compo 
nents using the melt or interfacial method to form a copoly 
carbonate. In Such cases, it is often desirable to obtain 
random incorporation of the different dihydroxy compounds 
into the polymer to achieve certain desirable physical prop 
erties, but this may be difficult to achieve by the melt method 
in cases where the different dihydroxy compounds happen to 
have differing reactivity. Random incorporation may be 
similarly difficult to achieve by the interfacial method when 
the dihydroxy compounds have differing or unacceptably 
low solubility in the reaction medium. The efficient produc 
tion of polycarbonates generally involves a number of 
trade-offs. For example, one can compensate for low reac 
tivity by increasing catalyst concentration, time or tempera 
ture but generally each Such measure that one takes to make 
reaction conditions more "aggressive' involves a penalty in 
terms of increasing the yellowneSS of the transparent mate 
rial. 

0004 Copolycarbonates including aliphatic diols such as 
isosorbide are of great interest to the chemical industry 
because Such aliphatic diols can be produced from renew 
able resources, namely Sugars, rather than from petroleum 
feed Stocks as for most presently used diol monomers. 
Therefore, it would be desirable to have an efficient method 
to produce high quality, random, low yellowneSS copolycar 
bonates from isosorbides. There have been several previous 
attempts to produce commercial copolycarbonates from 
isoSobides, but each of these attempts has had its difficulties. 
Presently, Such copolycarbonates are not produced commer 
cially. 

0005 Thus it is clear that there is a need for an efficient 
polymerization process to produce isoSobide copolycarbon 
ates having good color properties (i.e., low yellowness) and 
acceptably high molecular weight for commercial applica 
tion. 
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BRIEF SUMMARY OF THE INVENTION 

0006 Disclosed herein is composition comprising a 
copolycarbonate, which copolycarbonate comprises: Struc 
tural units derived from an aliphatic diol of the formula I: 

(I) 

OH: 

0007 structural units derived from an aromatic dihy 
droxy compound of the formula II: 

HO-A-OH (II): 

0008 and C=O structural units derived from an acti 
vated diaryl carbonate of the formula III: 

(III) 
O 

Ar-O-C-O-Ar; 

0009 wherein A is an aromatic radical, Aris a Substituted 
aromatic radical having 6 to 30 carbon atoms, Said copoly 
carbonate comprises random arrangement of Said structural 
units derived from the aliphatic diol and the aromatic 
hydroxy compounds, and Said copolycarbonate further com 
prises Structural units indicative of the activated carbonate. 
0010. In another aspect, a composition comprising a 
copolycarbonate, wherein the copolycarbonate comprises: 

0011 structural units derived from: 1,4:3,6-dianhy 
dro-D-glucitol; 

0012 structural units derived from an activated aro 
matic dihydroxy compound of the formula II: 

HO-A-OH (II): 

0013 and C=O structural units derived from a 
activated diaryl carbonate of the formula III: 

(III) 

Ar-O-C-O-Ar; 

0014 wherein A is an aromatic radical; Aris a substituted 
aromatic radical having 6 to 30 carbon atoms, Said copoly 
carbonate comprises random arrangement of Said structural 
units derived from the aliphatic diol and the aromatic 
hydroxy compounds, is not liquid crystalline, has a number 
average molecular weight greater than 7,500, has a Tg of at 
least 140 C. and has a yellowness index of less than 1. 
0015. In yet another aspect, a composition comprising a 
copolycarbonate, which copolycarbonate consists essen 
tially of Structural units derived from one or more aliphatic 
diols of the formula I: 
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(I) 

0016 structural units derived from one or more aromatic 
dihydroxy compounds of the formula II: 

HO-A-OH (II): 

0017 and C=O structural units derived from one or 
more activated diaryl carbonate of the formula III: 

(III) 

Ar-O-C-O-Ar; 

0.018 wherein A is an aromatic radical; Aris a substituted 
aromatic radical having 6 to 30 carbon atoms, Said copoly 
carbonate comprises random arrangement of Said structural 
units derived from the aliphatic diol and the aromatic 
hydroxy compounds, and the copolycarbonate further com 
prises Structural units indicative of the activated carbonate. 

0019. In another aspect, a method comprising reacting 
together, in the presence of a catalyst, one or more aliphatic 
diol of the formula I: 

(I) 

0020 one or more aromatic dihydroxy compounds of the 
formula II: 

HO-A-OH (II): 

0021 and one or more activated diaryl carbonate of the 
formula III: 

(III) 

Ar-O-C-O-Ar; 

0022 wherein A is an aromatic radical and Ar is a 
substituted aromatic radical having from 6 to 30 carbon 
atOmS. 
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0023. In another aspect, a method comprising reacting 
together in the presence of a catalyst: 

0024) 14:3,6-dianhydro-D-glucitol; 
0025 one or more aromatic dihydroxy compounds 
Selected from the group consisting of 4,4'-(3,3,5- 
trimethylcyclohexylidene)diphenol, 4,4'-bis(3,5- 
dimethyl)diphenol, 1,1-bis(4-hydroxy-3-methylphe 
nyl)cyclohexane, 1,1-bis(4-hydroxy 
3'methylphenyl)cyclohexane (DMBPC), 4,4'-1- 
methyl-4-(1-methyl-ethyl)-1,3-cyclohexandiyl) 
bisphenol (1.3 BHPM), 4-1-3-(4-hydroxyphenyl)- 
4-methylcyclohexyl)-1-methyl-ethyl-phenol (2.8 
BHPM), 3,8-dihydroxy-5a, 10b-diphenylcoumarano 
2',3',2,3-coumarane (DCBP), 2-phenyl-3,3-bis(4-hy 
droxyphenyl)phthalimidine (PPPBP) 4,4-bis(4-hy 
droxyphenyl)heptane, 2,4'- 
dihydroxydiphenylmethane, bis(2- 
hydroxyphenyl)methane, bis(4- 
hydroxyphenyl)methane, bis(4-hydroxy-5- 
nitrophenyl)methane, bis(4-hydroxy-2,6-dimethyl 
3-methoxyphenyl)methane, 1,1-bis(4- 
hydroxyphenyl)ethane, 1,1-bis(4-hydroxy-2- 
chlorophenyl)ethane, 2,2-bis(4- 
hydroxyphenyl)propane (BPA), 2,2-bis(3-phenyl-4- 
hydroxyphenyl)propane, 2,2-bis(4-hydroxy-3- 
methylphenyl)propane, 2,2-bis(4-hydroxy-3- 
ethylphenyl)propane, 2,2-bis(4-hydroxy-3-i 
Sopropylphenyl)propane, 2,2-bis(4-hydroxy-3,5- 
dimethylphenyl)propane, 2,2-bis(3,5,3',5'-tetra 
chloro-4,4'-dihydroxyphenyl)propane, bis(4-hydrox 
yphenyl)cyclohexylmethane, 2,2-bis(4- 
hydroxyphenyl)- 1-phenylpropane, 2,4'- 
dihydroxyphenyl Sulfone, 4,4'- 
dihydroxydiphenylsulfone (BPS), BPF, 
4,4'dihydroxy-1,1-biphenyl, 2,6dihydroxy naphtha 
lene; hydroquinone; resorcinol, C. alkyl-substi 
tuted resorcinols, 3-4-hydroxyphenyl)- 1,1,3-trim 
ethylindan-5-ol, 1-(4-hydroxyphenyl)-1,3,3- 
trimethylindan-5-ol, and 2,2,2,2'-tetrahydro-3,3,3', 
3'-tetramethyl-1,1'-spirobi1H-indene-6,6'-diol; and 
bismethylsalicyl carbonate (BMSC); 

0026 wherein the catalyst comprises: 
0027 (a) an alpha catalyst selected from the group 
consisting of alkali metal Salts and alkaline earth 
metal Salts: and 

0028 (b) a beta catalyst selected from the group 
consisting of quaternary ammonium compound and 
a quaternary phosphonium compounds. 

0029. In yet another aspect, a composition comprising a 
copolycarbonate, wherein Said copolycarbonate is prepared 
by reacting together, in the presence of a catalyst, one or 
more aliphatic diols of the formula I: 

(I) 
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0030 one or more aromatic dihydroxy compounds of the 
formula II: 

HO-A-OH (II): 

0.031 and one or more activated diaryl carbonate of the 
formula III: 

(III) 

Ar-O-C-O-Ar; 

0.032 wherein A is an aromatic radical and Ar is a 
substituted aromatic radical having from 6 to 30 carbon 
atoms, said copolycarbonate comprises random arrangement 
of said structural units derived from the aliphatic diol and 
Said aromatic hydroxy compounds, and Said copolycarbon 
ate further comprises Structural units indicative of the acti 
Vated carbonate. 

0033. In another aspect, a composition comprising a 
polycarbonate, wherein Said polycarbonate is prepared by 
reacting together, in the presence of a catalyst, one or more 
aliphatic diols of the formula I: 

(I) 

0034) and one or more activated diaryl carbonate of the 
formula III: 

(III) 

Ar-O-C-O-Ar; 

0.035 wherein Ar is a substituted aromatic radical having 
from 6 to 30 carbon atoms, Said polycarbonate comprises 
random arrangement of Said structural units derived from the 
aliphatic diol and the aromatic hydroxy compounds, and 
Said copolycarbonate further comprises Structural units 
indicative of the activated carbonate. 

BRIEF DESCRIPTION OF THE DRAWING 

0036 FIG. 1 depicts the carbonate region of a 'C NMR 
Spectrum of BPA homopolycarbonate made using the melt 
method with DPC. 

0037 FIG. 2 depicts the carbonate region of a 'C NMR 
Spectrum of isosorbide homopolycarbonate made using the 
melt method with DPC. 

0038 FIG.3 depicts the carbonate region of a 'C NMR 
spectrum of co-polycarbonate of isosorbide-BPA made 
using the melt method with DPC. 
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0.039 FIG. 4 depicts the carbonate region of a 'C NMR 
spectrum of another co-polycarbonate of isosorbide-BPA 
made using the melt method with DPC. 
0040 FIG. 5 depicts the 'P NMR spectrum of a co 
polycarbonate of isosorbide-BPA; 
0041 FIG. 6 depicts the 'P NMR spectrum of another 
co-polycarbonate of isosorbide-BPA. 
0042 FIG. 7 depicts possible structural variations on 
“kinks' in an isosorbide-methylsalicylate-isosorbide 
copolymer that are indicative of the use of BMSC. 
0043 FIG. 8 depicts the 'P NMR spectra of co-poly 
carbonates of isosorbide-BPA made using DPC versus using 
BMSC. 

DETAILED DESCRIPTION 

0044) In this specification and in the claims, which fol 
low, reference will be made to a number of terms which shall 
be defined to have the following meanings. 
0045 “BPA" is herein defined as bisphenol A and is also 
known as 2.2-bis(4-hydroxyphenyl)propane, 4,4'-isopropy 
lidenediphenol and pp-BPA. 

0046. As used herein the term “aromatic radical” refers to 
a radical having a Valence of at least one comprising at least 
one aromatic group. Examples of aromatic radicals include 
phenyl, pyridyl, furanyl, thienyl, naphthyl, phenylene, and 
biphenyl. The term includes groups containing both aro 
matic and aliphatic components, for example a benzyl 
grOup. 

0047 As used herein the term “random arrangement” 
refers to a copolymer in which the structural units (other 
than the C=O units joining each monomer) are arranged in 
an alternating Sequence following a Statistical distribution, 
which is independent of the mole ratio of the structural units 
present in the polymer chain. A procedure is given herein to 
evaluate a copolycarbonate for randomness. A copolycar 
bonate that is not perfectly random will still be considered 
a "random copolymer if it passes this test. 
0048 Isosorbide is also known as 1,4; 3,6-dianhydro-D 
glucitol and 1,4; 3,6-dianhydroSorbitol. 

0049. As used herein, the term “structural units derived 
from when used in the context of describing the portions of 
the copolycarbonates derived from the aliphatic diol and the 
aromatic dihydroxy compounds refers to the fact that both 
Such monomers lose their respective hydrogen atoms upon 
incorporation in the polymer. A Section of the copolycar 
bonate might appear as follows: 
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0050. In such case, Z is the structural unit derived from 
an aliphatic diol of formula I, Z is a C=O structural unit 
derived from a diarylcarbonate (which may have been an 
activated diaryl carbonate) and Z is a structural unit derived 
from an aromatic dihyroxy compound. Fragments of larger 
chemical structures Such as Z, Z and Z are also sometimes 
referred to interchangeable herein as “radicals” or groups”. 
0051 AS used herein the term “activated carbonate” 
refers to a diaryl carbonate which is typically more reactive 
(either kinetically or thermodynamically) toward aromatic 
dihydroxy compounds than diphenyl carbonate under iden 
tical conditions. Activated carbonates are typically (but not 
necessarily) Substituted diaryl carbonates. 
0.052 AS used herein the term “structural units indicative 
of the activated carbonate” means either internal “kinks' in 
the copolycarbonate or end groups caused by incorporation 
of a fragment of an activated carbonate Such as bismethyl 
salicyl carbonate (BMSC). 
0.053 As used herein the term “not liquid crystalline” 
refers to a polymer that does not exhibit unidirectional 
molecular alignment. 

0.054 As used herein the term “natural numbers' means 
an integer greater than Zero (i.e., the Series 1,2,3,... etc.). 
0.055 As used herein the term “whole number” means the 
natural numbers and Zero (i.e., the Series 0,1,2,3 ... etc.). 
0056. As used herein the term “each independently” in 
the context of describing Substituents in a chemical formula 
means that identically named positions in Such a chemical 
formula that are limited to a set of particular chemical 
groups are not necessarily both the same chemical group in 
a particular structure-both positions can be different groups 
in a particular chemical corresponding to that formula. 
0057 Numerical values in the specification and claims of 
this application, particularly as they relate to polymer com 
positions, reflect average values for a composition that may 
contain individual polymers of different characteristics. Fur 
thermore, the numerical values should be understood to 
include numerical values which are the same when reduced 
to the same number of Significant figures and numerical 
values which differ from the stated value by less than the 
experimental error of the measurement technique used in the 
present application to determine the value. 
0.058 Disclosed herein is a copolycarbonate comprising 
Structural units derived from at least one aliphatic diol, 
Structural units derived from at least an aromatic dihydroxy 
compound and a C=O structural unit derived from an 
activated aromatic carbonate. 

0059. The typical aliphatic diols useful in the invention 
have formula I 

(I) 
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0060 and are known as hexahydro-furan-3,2-b)-furane 
3,6-diols. These diols are prepared by the dehydration of the 
corresponding hexitols. Hexitols are produced commercially 
from the corresponding Sugars (aldohexose). Aliphatic diols 
of formula I include 1,4; 3,6-dianhydro-D glucitol, of for 
mula Ia; 1,4; 3,6-dianhydro-D mannitol, of formula Ib; and 
1,4; 3,6-dianhydro-Liditol, of formula Ic, and combinations 
of two or more of the preceding diols. 

(Ia) 

i , H 
(Ib) 

(Ic) 

0061 The diol of the formula Ia is generally preferred 
because it is a rigid, chemically and thermally stable ali 
phatic diol that tends to produce higher Tg copolymers. 

0062 Typical aromatic dihydroxy compounds useful for 
this application comprise those of the general formula (II): 

HO-A-OH (II) 

0063 wherein A is an aromatic radical. 
0064. In some more typical embodiments, the aromatic 
dihydroxy has the structure of formula IV: 

(Y), (), (Y), 
HO Gl t-E- Gl -OH 

0065 wherein each G' is independently an aromatic 
group, Such as, for example phenylene, biphenylene, naph 
thylene, etc. E may be an alkylene or alkylidene group Such 
as methylene, ethylene, ethylidene, propylene, propylidene, 
isopropylidene, butylene, butylidene, isobutylidene, 
amylene, amylidene, isoamylidene, etc. and may consist of 
two or more alkylene or alkylidene groups connected by a 
moiety different from alkylene or alkylidene, Such as an 
aromatic linkage; a tertiary amino linkage; an ether linkage 
group; a carbonyl linkage group; a Silicon-containing link 
age group, or a Sulfur-containing linkage group Such as 
Sulfide, Sulfoxide, Sulfone, etc.; or a phosphorus-containing 
linkage group Such as phosphinyl, phosphonyl, etc. In addi 

IV 
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tion, E may be a cycloaliphatic group. R is hydrogen or a 
monovalent hydrocarbon group Such as alkyl, aryl, aralkyl, 
alkaryl, or cycloalkyl. Y' may be an inorganic atom Such as 
halogen (fluorine, bromine, chlorine, iodine); an inorganic 
group Such as nitro, an organic group Such as alkenyl, allyl, 
hydrogen or a monovalent hydrocarbon group, or an oxy 
group such as OR; it being only desirable that Y be inert to 
and unaffected by the reactants and reaction conditions used 
to prepare the polymer. The letter m is a whole number from 
and including Zero through the number of positions on G' 
available for substitution; p is a whole number from and 
including Zero through the number of positions on E avail 
able for Substitution; t is a natural number equal to at least 
one, S is either Zero or one; and u is any whole number 
including Zero. 
0.066 Suitable particular examples of E include cyclo 
pentylidene, cyclohexylidene, 3,3,5-trimethylcyclohexy 
lidene, methylcyclohexylidene, 2-2.2.1-bicycloheptyl 
idene, neopentylidene, cyclopentadecylidene, 
cyclododecylidene, adamantylidene, etc., a Sulfur-contain 
ing linkage, Such as Sulfide, Sulfoxide or Sulfone, a phos 
phorus-containing linkage, Such as phosphinyl, phosphonyl, 
an ether linkage; a carbonyl group; a tertiary nitrogen group; 
or a Silicon-containing linkage Such as Silane or Siloxy. 
0067. In the aromatic dihydroxy compound (IV) above, 
when more than one Y substituent is present, they may be 
the same or different. The same holds true for the R 
substituent. Where s is zero in formula (IV) and u is not zero, 
the aromatic rings are directly joined with no intervening 
alkylidene or other bridge (e.g., 4,4'-dihydroxybiphenyl). 
The positions of the hydroxyl groups and Y on the aromatic 
nuclear residues G can be varied in the ortho, meta, or para 
positions and the groupings can be in Vicinal, asymmetrical 
or Symmetrical relationship, where two or more ring carbon 
atoms of the hydrocarbon residue are substituted with Y and 
hydroxyl groups. In Some particular embodiments, the 
parameters t, S, and u are each one; both G' radicals are 
unsubstituted phenylene radicals, and E is an alkylidene 
group Such as isopropylidene. In Some particular embodi 
ments, both G' radicals are p-phenylene, although both may 
be o- or m-phenylene or one o- or m-phenylene and the other 
p-phenylene. 
0068. Some non-limiting examples of aromatic dihy 
droxy compounds of formula (V) are illustrated by the 
following list: 2,4'-dihydroxydiphenylmethane, bis(2-hy 
droxyphenyl)methane, bis(4-hydroxyphenyl)methane, 
bis(4-hydroxy-5-nitrophenyl)methane, bis(4-hydroxy-2,6- 
dimethyl-3-methoxyphenyl)methane, 1,1-bis(4-hydrox 
yphenyl)ethane, 1,1-bis(4-hydroxy-2-chlorophenyl)ethane, 
2,2-bis(4-hydroxyphenyl)propane (bisphenol A); 2.2-bis(3- 
chloro-4-hydroxyphenyl)propane; 2,2-bis(3-bromo-4-hy 
droxyphenyl)propane; 2.2-bis(4-hydroxy-3-methylphenyl 
)propane; 2,2-bis(4-hydroxy-3-isopropylphenyl)propane; 
2,2-bis(3-t-butyl-4-hydroxyphenyl)propane; 2.2-bis(3-phe 
nyl-4-hydroxyphenyl)propane; 2,2-bis(3,5-dichloro-4-hy 
droxyphenyl)propane, 2,2-bis(3,5-dibromo-4-hydroxyphe 
nyl)propane; 2,2-bis(3,5-dimethyl-4- 
hydroxyphenyl)propane; 2,2-bis(3-chloro-4-hydroxy-5- 
methylphenyl)propane; 2,2-bis(3-bromo-4-hydroxy-5- 
methylphenyl)propane; 2,2-bis(3-chloro-4-hydroxy-5- 
isopropylphenyl)propane; 
isopropylphenyl)propane; 
hydroxyphenyl)propane; 

2,2-bis(3-bromo-4-hydroxy-5- 
2,2-bis(3-t-butyl-5-chloro-4- 
2,2-bis(3-bromo-5-t-butyl-4- 
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hydroxyphenyl)propane; 
droxyphenyl)propane; 
hydroxyphenyl)propane; 
hydroxyphenyl)propane; 
hydroxyphenyl)propane; 
hydroxyphenyl)propane; 
tetrachlorophenyl)propane; 
tetrabromophenyl)propane; 2,2-bis(4-hydroxy-2,3,5,6- 
tetramethylphenyl)propane; 2,2-bis(2,6-dichloro-3,5- 
dimethyl-4-hydroxyphenyl)propane, 2,2-bis(2,6-dibromo-3, 
5-dimethyl-4-hydroxyphenyl)propane, 2,2-bis(4-hydroxy 
3-ethylphenyl)propane, 2,2-bis(4-hydroxy-3,5- 
dimethylphenyl)propane, 2,2-bis(3,5,3',5'-tetrachloro-4,4'- 

2,2-bis(3-chloro-5-phenyl-4-hy 
2,2-bis(3-bromo-5-phenyl-4- 

2,2-bis(3,5-disopropyl-4- 
2,2-bis(3,5-di-t-butyl-4- 
2,2-bis(3,5-diphenyl-4- 

2,2-bis(4-hydroxy-2,3,5,6- 
2,2-bis(4-hydroxy-2,3,5,6- 

dihydroxyphenyl)propane, bis(4- 
hydroxyphenyl)cyclohexylmethane, 2,2-bis(4- 
hydroxyphenyl)-1-phenylpropane, 1,1-bis(4- 
hydroxyphenyl)cyclohexane; 
hydroxyphenyl)cyclohexane; 
hydroxyphenyl)cyclohexane; 
methylphenyl)cyclohexane, 
isopropylphenyl)cyclohexane; 1,1-bis(3-t-butyl-4- 
hydroxyphenyl)cyclohexane; 1,1- bis(3-phenyl-4- 
hydroxyphenyl)cyclohexane; 1,1-bis(3,5-dichloro-4- 
hydroxyphenyl)cyclohexane; 1,1-bis(3,5-dibromo-4- 

1,1-bis(3-chloro-4- 
1,1-bis(3-bromo-4- 

1,1-bis(4-hydroxy-3- 
1,1-bis(4-hydroxy-3- 

hydroxyphenyl)cyclohexane; 1,1-bis(4 '-hydroxy 
3'methylphenyl) cyclohexane (DMBPC), 1,1-bis(3,5- 
dimethyl-4-hydroxyphenyl)cyclohexane; 4,4'-1-methyl-4- 
(1-methyl-ethyl)-1,3-cyclohexandiyl)bisphenol (1,3 
BHPM), 4-1-3-(4-hydroxyphenyl)-4-methylcyclohexyl)- 
1-methyl-ethyl-phenol (2.8 BHPM), 3.8-dihydroxy-5a, 10b 
diphenylcoumarano-2',3',2,3-coumarane (DCBP), 2-phenyl 
3,3-bis(4-hydroxyphenyl)phthalimidine (PPPBP) 1,1-bis(3- 
chloro-4-hydroxy-5-methylphenyl)cyclohexane; 1,1-bis(3- 
bromo-4-hydroxy-5-methylphenyl)cyclohexane; 1,1-bis(3- 
chloro-4-hydroxy-5-isopropylphenyl) cyclohexane, 1,1- 
bis(3-bromo-4-hydroxy-5-isopropylphenyl)cyclohexane; 
1,1-bis(3-t-butyl-5-chloro-4-hydroxyphenyl)cyclohexane; 
1,1- bis(3-bromo-5-t-butyl-4-hydroxyphenyl)cyclohexane; 
1,1-bis(3-chloro-5-phenyl-4-hydroxyphenyl)cyclohexane, 
1,1-bis(3-bromo-5-phenyl-4-hydroxyphenyl)cyclohexane; 
1,1-bis(3,5-disopropyl-4-hydroxyphenyl)cyclohexane, 1,1- 
bis(3,5-di-t-butyl-4-hydroxyphenyl)cyclohexane; 1,1-bis(3, 
5-diphenyl-4-hydroxyphenyl)cyclohexane, 1,1-bis(4-hy 
droxy-2,3,5,6-tetrachlorophenyl)cyclohexane, 1,1-bis(4- 
hydroxy-2,3,5,6-tetrabromophenyl)cyclohexane, 1,1-bis(4- 
hydroxy-2,3,5,6-tetramethylphenyl)cyclohexane, 1,1-bis(2, 
6-dichloro-3,5-dimethyl-4-hydroxyphenyl)cyclohexane; 
1,1-bis(2,6-dibromo-3,5-dimethyl-4-hydroxyphenyl)cyclo 
hexane; 1,1- bis(4-hydroxyphenyl)-3,3,5-trimethylcyclo 
hexane; 1,1-bis(3-chloro-4-hydroxyphenyl)-3,3,5-trimethyl 
cyclohexane, 1,1-bis(3-bromo-4-hydroxyphenyl)-3,3,5- 
trimethylcyclohexane; 1,1-bis(4-hydroxy-3-methylphenyl)- 
3,3,5-trimethylcyclohexane; 1,1-bis(4-hydroxy-3- 
isopropylphenyl)-3,3,5-trimethylcyclohexane, 1,1-bis(3-t- 
butyl-4-hydroxyphenyl)-3,3,5-trimethylcyclohexane; 1,1- 
bis(3-phenyl-4-hydroxyphenyl)-3,3,5- 
trimethylcyclohexane, 1,1-bis(3,5-dichloro-4- 
hydroxyphenyl)-3,3,5-trimethylcyclohexane; 1,1-bis(3,5- 
dibromo-4-hydroxyphenyl)-3,3,5-trimethylcyclohexane; 
1,1-bis(3,5-dimethyl-4-hydroxyphenyl)-3,3,5-trimethylcy 
clohexane; 1,1-bis(3-chloro-4-hydroxy-5-methylphenyl)-3, 
3,5-trimethylcyclohexane; 1,1-bis(3-bromo-4-hydroxy-5- 
methylphenyl)-3,3,5-trimethylcyclohexane; 1,1-bis(3- 
chloro-4-hydroxy-5-isopropylphenyl)-3,3,5- 
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trimethylcyclohexane, 
isopropylphenyl)-3,3,5-trimethylcyclohexane; 
butyl-5-chloro-4-hydroxyphenyl)-3,3,5- 
trimethylcyclohexane, 1,1-bis(3-bromo-5-t-butyl-4- 
hydroxyphenyl)-3,3,5-trimethylcyclohexane; bis(3-chloro 
5-phenyl-4-hydroxyphenyl)-3,3,5-trimethylcyclohexane; 
1,1-bis(3-bromo-5-phenyl-4-hydroxyphenyl)-3,3,5-trimeth 
ylcyclohexane, 1,1-bis(3,5-disopropyl-4-hydroxyphenyl)-3, 
3,5-trimethylcyclohexane; 1,1-bis(3,5-di-t-butyl-4-hydrox 
yphenyl)-3,3,5-trimethylcyclohexane; 1,1-bis(3,5-diphenyl 
4-hydroxyphenyl)-3,3,5-trimethylcyclohexane; 1,1-bis(4- 
hydroxy-2,3,5,6-tetrachlorophenyl)-3,3,5- 
trimethylcyclohexane, 1,1-bis(4-hydroxy-2,3,5,6- 
tetrabromophenyl)-3,3,5-trimethylcyclohexane; 1,1-bis(4- 
hydroxy-2,3,5,6-tetramethylphenyl)-3,3,5- 
trimethylcyclohexane; 1,1-bis(2,6-dichloro-3,5-dimethyl-4- 
hydroxyphenyl)-3,3,5-trimethylcyclohexane; 1,1-bis(2,6- 
dibromo-3,5-dimethyl-4-hydroxyphenyl)-3,3,5- 
trimethylcyclohexane; 4,4-bis(4-hydroxyphenyl)heptane, 
4,4'-dihydroxy-1,1-biphenyl; 4,4'-dihydroxy-3,3'-dimethyl 
1,1-biphenyl; 4,4'-dihydroxy-3,3'-dioctyl-1,1-biphenyl; 4,4'- 
(3,3,5-trimethylcyclohexylidene)diphenol, 4,4'-bis(3,5-dim 
ethyl)diphenol, 4,4'-dihydroxydiphenylether; 4,4'- 
dihydroxydiphenylthioether; 1,3-bis(2-(4-hydroxyphenyl)- 
2-propyl)benzene; 1,3-bis(2-(4-hydroxy-3-methylphenyl)- 
2-propyl)benzene, 1,4-bis(2-(4-hydroxyphenyl)-2- 
propyl)benzene, 1,4-bis(2-(4-hydroxy-3-methylphenyl)-2- 
propyl)benzene 2,4'-dihydroxyphenyl Sulfone, 4,4'- 
dihydroxydiphenylsulfone (BPS), BPF, 2,6-dihydroxy 
naphthalene, hydroquinone; resorcinol, C1-3 alkyl-Substi 
tuted resorcinols, 3-(4-hydroxyphenyl)-1,1,3-trimethylin 
dan-5-ol, 1-(4-hydroxyphenyl)-1,3,3-trimethylindan-5-ol, 
and 2,2,2,2'-tetrahydro-3,3,3',3'-tetramethyl-1,1'-spirobi 
1H-indene-6,6'-diol. The most typical aromatic dihydroxy 
compound is Bisphenol A (BPA). 

1,1-bis(3-bromo-4-hydroxy-5- 
1,1-bis(3-t- 

0069. As used herein the term “activated diaryl carbon 
ate' is defined as a diaryl carbonate that is more reactive 
than diphenylcarbonate toward transesterification reactions. 
Such activated diaryl carbonate typically have the formula 
III: 

(III) 

Air-O-C-O-Air 

0070 wherein Ar is a substituted aromatic radical having 
6 to 30 carbon atoms. The preferred activated carbonates 
have the more specific general formula (V): 

(V) 
O 

co--o-I-O--Rs 
0071 wherein Q and Q' are each independently an ortho 
positioned activating group. A and A are each independently 
aromatic rings which can be the same or different depending 
on the number and location of their Substituent groups, and 
a and a' are whole numbers of Zero up to a maximum 
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equivalent to the number of replaceable hydrogen groups 
Substituted on the aromatic rings A and A respectively, 
wherein a+a' is greater than or equal to 1. R and Rare each 
independently Substituent groups Such as alkyl, cycloalkyl, 
alkoxy, aryl, alkylaryl, cyano, nitro, or halogen. The number 
b is a whole number of from Zero up to a maximum 
equivalent to the number of replaceable hydrogen atoms on 
the aromatic ring A minus the number a, and the number b' 
is a whole number of from Zero up to a maximum equivalent 
to the number of replaceable hydrogen atoms on the aro 
matic ring A minus the number a'. The number, type and 
location of the R or R. SubSituents on the aromatic ring is 
not limited unless they deactivate the carbonate and lead to 
a carbonate which is less reactive than diphenyl carbonate. 
0072. Non-limiting examples of suitable ortho-posi 
tioned activating groups Q and Q' include (alkoxycarbony 
l)aryl groups, halogens, nitro groups, amide groups, Sulfone 
groups, Sulfoxide groups, or imine groups with Structures 
indicated below: 

0.073 whrein X is halogen or NO; M and M' indepen 
dently comprises N-dialkyl, N-alkylaryl, alkyl or aryl; and 
R2 is alkyl or aryl. Specific and non-limiting examples of 
activated carbonates include bis(O-methoxycarbonylphenyl 
)carbonate, bis(o-chlorophenyl)carbonate, bis(O-nitrophe 
nyl)carbonate, bis(O-acetylphenyl)carbonate, bis(O-phe 
nylketonephenyl)carbonate, bis(o-formylphenyl)carbonate. 
Unsymmetrical combinations of these Structures, where the 
Substitution number and type on A and A are different, are 
also possible to employ in the current invention. A preferred 
Structure for an activated carbonate is an ester-Substituted 
diaryl carbonate having the structure (X): 

(X) 
COR 12 COR 12 
n-N-N-1sé Dr. N4 ><-(R13), 

(R13) 

0074 wherein R' is independently at each occurrence a 
C-Co alkyl radical, Ca-Cao cycloalkyl radical, or C-Co 
aromatic radical; R is independently at each occurrence a 
halogen atom, cyano group, nitro group, C-Co alkyl radi 
cal, Ca-Cao cycloalkyl radical, Ca-Cao aromatic radical, 
C-Clo alkoxy radical, C-C20 cycloalkoxy radical, Ca-Cao 
aryloxy radical, C-Co alkylthio radical, C-C-O cycloalky 
lthio radical, C-C arylthio radical, C-C alkylsulfinyl 
radical, C-C cycloalkylsulfinyl radical, C-C arylsulfi 
nyl radical, C-C alkylsulfonyl radical, C-C cycloalkyl 
Sulfonyl radical, C-Co arylsulfonyl radical, C-Co alkoxy 
carbonyl radical, C-C cycloalkoxycarbonyl radical, 
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C-C aryloxycarbonyl radical, C-Co alkylamino radical, 
Co-Co cycloalkylamino radical, Cs-Coo arylamino radical, 
C-Clo alkylaminocarbonyl radical, Ca-Cao cycloalkylami 
nocarbonyl radical, C-C arylaminocarbonyl radical, or 
C-Cao acylamino radical; and c is independently at each 
occurrence an integer 0-4. At least one of the Substituents 
CO'R' is preferably attached in an orthoposition of formula 
X. 

0075 Examples of preferred ester-substituted diaryl car 
bonates include but are not limited to bis(methylsalicyl)car 
bonate (CAS Registry No. 82091-12-1) (also known as 
BMSC or bis(o-methoxycarbonylphenyl)carbonate), bis 
(ethyl Salicyl)carbonate, bis(propyl Salicyl) carbonate, bis 
(butylsalicyl) carbonate, bis(benzyl Salicyl)carbonate, bis 
(methyl 4-chlorosalicyl)carbonate and the like. Typically 
bis(methylsalicyl)carbonate is preferred for use in melt 
polycarbonate Synthesis due to its lower molecular weight 
and higher vapor pressure. 

0.076 Some non-limiting examples of non-activating 
groups which, when present in an ortho position, would not 
be expected to result in activated carbonates are alkyl, 
cycolalkyl or cyano groups. Some Specific and non-limiting 
examples of non-activated carbonates are bis(O-methylphe 
nyl)carbonate, bis(p-cumylphenyl)carbonate, bis(p-(1,1,3,3- 
tetramethyl)butylphenyl)carbonate and bis(O-cyanophenyl 
)carbonate. Unsymmetrical combinations of these structures 
are also expected to result in non-activated carbonates. 
0.077 Unsymmetrical diaryl carbonates wherein one aryl 
group is activated and one aryl is inactivated would also 
useful in this invention if the activating group renders the 
diaryl carbonate Still more reactive than diphenyl carbonate. 

0078. One method for determining whether a certain 
diaryl carbonate is activated or is not activated is to carry out 
a model transesterification reaction between the certain 
diaryl carbonate with a phenol Such as p-(1,1,3,3-tetrameth 
yl)butyl phenol (and comparing the relative reactivity 
against diphenyl carbonate). This phenol is preferred 
because it possesses only one reactive Site, possesses a low 
of Volatility and possesses a similar reactivity to bisphenol 
A. The model transesterification reaction is carried out at 
temperatures above the melting points of the certain diaryl 
carbonate and p-(1,1,3,3-tetramethy)butyl phenol and in the 
presence of a transesterification catalyst, which is usually an 
aqueous Solution of Sodium hydroxide or Sodium phenoxide. 
Preferred concentrations of the transesterification catalyst 
are about 0.001 mole % based on the number of moles of the 
phenol or diaryl carbonate. And a preferred reaction tem 
perature is 200 C. But the choice of conditions and catalyst 
concentration can be adjusted depending on the reactivity of 
the reactants and melting points of the reactants to provide 
a convenient reaction rate. The only limitation to reaction 
temperature is that the temperature must be below the 
degradation temperature of the reactants. Sealed tubes can 
be used if the reaction temperatures cause the reactants to 
volatilize and effect the reactant molar balance. The deter 
mination of the equilibrium concentration of reactants is 
accomplished through reaction Sampling during the course 
of the reaction and then analysis of the reaction mixture 
using a well-know detection method to those skilled in the 
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art Such as HPLC (high pressure liquid chromatography). 
Particular care needs to be taken So that reaction does not 

continue after the sample has been removed from the 
reaction vessel. This is accomplished by cooling down the 
Sample in an ice bath and by employing a reaction quenching 
acid such as acetic acid in the water phase of the HPLC 
Solvent System. It may also be desirable to introduce a 
reaction quenching acid directly into the reaction Sample in 
addition to cooling the reaction mixture. A preferred con 
centration for the acetic acid in the water phase of the HPLC 
solvent system is 0.05 mole %. The equilibrium constant is 
determined from the concentration of the reactants and 
product when equilibrium is reached. Equilibrium is 
assumed to have been reached when the concentration of 
components in the reaction mixture reach a point of little or 
no change on Sampling of the reaction mixture. The equi 
librium constant can be determined from the concentration 
of the reactants and products at equilibrium by methods well 
known to those skilled in the art. A diaryl carbonate which 
possesses a relative equilibrium constant (K diarylcarbon 
ate/K diphenylcarbonate) of greater than 1 is considered to 
possess a greater reactivity than diphenyl carbonate and is an 
activated carbonate, whereas a diaryl carbonate which pos 
SeSSes an equilibrium constant of 1 or leSS is considered to 
possess the same or lesser reactivity than diphenyl carbonate 
and is considered not to be activated. It is generally preferred 
to employ an activated carbonate with very high reactivity 
compared to diphenyl carbonate when conducting transes 
terification reactions. Preferred are activated carbonates with 
an equilibrium constant greater than at least 1000 times that 
of diaryl carbonate. In Some embodiments, one or more 
activated carbonates may be used as carbonating agents for 
preparation of the disclosed polycarbonates. 
0079 The aliphatic-aromatic copolycarbonates accord 
ing to the invention typically comprise aliphatic diol at about 
1 to about 99 and preferably about 5 to about 99 mole 
percent and aromatic dihydroxy compound at about 1 to 
about 99 mole percent based on the total moles of aliphatic 
diol and aromatic dihydroxy compound present in the poly 
carbonate. To prepare aliphatic-aromatic copolycarbonates, 
the aliphatic diols and aromatic dihydroxy compounds have 
to be polymerized together. 
0080 Advantageous catalysts known for use in polycar 
bonate melt reactions may be used in reactions involving 
activated carbonates. Known melt catalysts include Salts of 
alkaline earth metals, Salts of alkali metals, quaternary 
ammonium compounds, quaternary phosphonium com 
pounds, and mixtures thereof. It is often advantageous to use 
a combination of Some amount of a Salt of an alkaline earth 
metal and/or an alkali metal (i.e., an “alpha” catalyst) that 
does not degrade at temperatures used throughout the reac 
tion together with a quaternary ammonium and/or a quater 
nary phosphonium compound that does degrade at a tem 
perature used in the reaction (i.e., a “beta' catalyst). The 
total amount of catalyst employed is about 1x107 to about 
1x10°, and preferably about 1x107 to about 1x10 moles 
catalyst per total moles of the mixture of aliphatic diol and 
aromatic dihydroxy compound employed. 
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0.081 Exemplary quaternary ammonium compounds 
include compounds comprising Structure VI 

VI 

R5 Xe 

R-9. R6 
R7 

0082 wherein R'-R" are independently a C-Co alkyl 
radical, C-Cocycloalkyl radical or a C-C aryl radical 
and X is an organic or inorganic anion. Suitable anions X 
include hydroxide, halide, carboxylate, Sulfonate, Sulfate, 
carbonate and bicarbonate. In one embodiment, the trans 
esterification catalyst comprises tetramethyl ammonium 
hydroxide. 
0.083 Exemplary quaternary phosphonium compounds 
include compounds comprising Structure VII 

VII 

0084) wherein R-R'' are independently a C-C alkyl 
radical, C-C cycloalkyl radical or a C-C aryl radical 
and X is an organic or inorganic anion. Illustrative anions 
include hydroxide, halide, carboxylate, Sulfonate, Sulfate, 
carbonate, and bicarbonate. 

0085. Where X is a polyvalent anion such as carbonate 
or Sulfate it is understood that the positive and negative 
charges in structures VI and VII are properly balanced. For 
example, where R'-R" in structure VI are each methyl 
groupS and X is carbonate, it is understood that X repre 
sents /2 (CO). 
0.086. In one embodiment, the catalyst comprises tetrabu 
tyl phosphonium acetate. In an alternate embodiment, the 
catalyst comprises a mixture of an alkali metal Salt or 
alkaline earth metal Salt with at least one quaternary ammo 
nium compound, at least one quaternary phosphonium com 
pound, or a mixture thereof, for example a mixture of 
Sodium hydroxide and tetrabutyl phosphonium acetate. In 
another embodiment the catalyst is a mixture of Sodium 
hydroxide and tetramethyl ammonium hydroxide. 

0087. In one embodiment, the catalyst is an alkaline earth 
metal hydroxide, an alkali metal hydroxide or a mixture 
thereof. Suitable alkaline earth and alkali metal hydroxides 
are illustrated by calcium hydroxide, magnesium hydroxide, 
Sodium hydroxide and lithium hydroxide. 
0088. In another embodiment, the catalyst comprises an 
alkaline earth metal Salt of an organic acid, an alkali metal 
Salt of an organic acid, or a Salt of an organic acid compris 
ing both alkaline earth metalions and alkali metal ions. Salts 
of organic acids useful as catalysts are illustrated by alkali 
metal and alkaline earth metal Salts of formic acid, acetic 
acid, Stearic acid and ethyelenediamine tetraacetic acid. In 
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one embodiment the catalyst comprises magnesium diso 
dium ethylenediamine tetraacetate (EDTA magnesium diso 
dium salt). 
0089. In yet another embodiment, the catalyst comprises 
the salt of a nonvolatile inorganic acid. By “nonvolatile” it 
is meant that the referenced compounds have no appreciable 
Vapor preSSure at ambient temperature and preSSure. In 
particular, these compounds are not volatile at temperatures 
at which melt polymerizations of polycarbonate are typically 
conducted. The Salts of nonvolatile acids are alkali metal 
Salts of phosphites, alkaline earth metal Salts of phosphites, 
alkali metal Salts of phosphates, and alkaline earth metal 
Salts of phosphates. Suitable Salts of nonvolatile acids 
include NaH2PO, NaH2PO, NaH2PO, KHPO, 
CsHPO, CSHPO, or a mixture thereof. In one embodi 
ment, the transesterification catalyst comprises both the Salt 
of a non-volatile acid and a basic co-catalyst Such as an 
alkali metal hydroxide. This concept is exemplified by the 
use of a combination of NaH2PO and sodium hydroxide as 
the transesterification catalyst. 
0090 The reactants for the polymerization reaction using 
an activated aromatic carbonate can be charged into a reactor 
either in the Solid form or in the molten form. Initial 
charging of reactants into a reactor and Subsequent mixing 
of these materials under reactive conditions for polymeriza 
tion may be conducted in an inert gas atmosphere Such as a 
nitrogen atmosphere. The charging of one or more reactant 
may also be done at a later stage of the polymerization 
reaction. Mixing of the reaction mixture is accomplished by 
any methods known in the art, Such as by Stirring. Reactive 
conditions include time, temperature, pressure and other 
factors that affect polymerization of the reactants. Typically 
the activated aromatic carbonate is added at a mole ratio at 
about 0.8 to about 1.3 and more preferably 0.9 to about 1.1 
and all Subranges there between, relative to the total moles 
of aromatic dihydroxy compound and aliphatic diol. 
0091. The melt polymerization reaction using an acti 
Vated aromatic carbonate is conducted by Subjecting the 
above reaction mixture to a Series of temperature-pressure 
time protocols. In Some embodiments, this involves gradu 
ally raising the reaction temperature in Stages while gradu 
ally lowering the pressure in Stages. In one embodiment, the 
preSSure is reduced from about atmospheric pressure at the 
start of the reaction to about 0.01 milibar (1 Pa) or in another 
embodiment to 0.05 milibar (5 Pa) in several steps as the 
reaction approaches completion. The temperature may be 
varied in a Stepwise fashion beginning at a temperature of 
about the melting temperature of the reaction mixture and 
Subsequently increased to about 320°C. In one embodiment, 
the reaction mixture is heated from room temperature to 
about 150° C. The polymerization reaction starts at a tem 
perature of about 150° C. to about 220 C., then is increased 
to about 220 C. to about 250° C. and is then further 
increased to a temperature of about 250 C. to about 320 C. 
and all Subranges there between. The total reaction time is 
about 30 minutes to about 200 minutes and all Subranges 
there between. This procedure will generally ensure that the 
reactants react to give polycarbonates with the desired 
molecular weight, glass transition temperature and physical 
properties. The reaction proceeds to build the polycarbonate 
chain with production of ester-substituted alcohol by-prod 
uct such as methyl salicylate. Efficient removal of the 
by-product may be achieved by different techniqueS Such as 
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reducing the pressure. Generally the pressure Starts rela 
tively high in the beginning of the reaction and is lowered 
progressively throughout the reaction and temperature is 
raised throughout the reaction. Experimentation is needed to 
find the most efficient conditions for particular production 
equipment. 

0092. The progress of the reaction may be monitored by 
measuring the melt Viscosity or the weight average molecu 
lar weight of the reaction mixture using techniques known in 
the art Such as gel permeation chromatography. These prop 
erties may be measured by taking discreet Samples or may 
be measured on-line. After the desired melt Viscosity and/or 
molecular weight is reached, the final polycarbonate product 
may be isolated from the reactor in a Solid or molten form. 
It will be appreciated by a perSon Skilled in the art, that the 
method of making aliphatic homopolycarbonate and ali 
phatic-aromatic copolycarbonates as described in the pre 
ceding Sections may be made in a batch or a continuous 
proceSS and the proceSS disclosed herein is essentially pref 
erably carried out in a Solvent free mode. Reactors chosen 
should ideally be Self-cleaning and should minimize any 
“hot spots.” However, vented extruders similar to those that 
are commercially available may be used. 
0093. In one embodiment, the aliphatic homopolycarbon 
ate and aliphatic-aromatic copolycarbonate may be prepared 
in an extruder in presence of one or more catalysts, wherein 
the carbonating agent is an activated aromatic carbonate. 
The reactants for the polymerization reaction can be fed to 
the extruder in powder or molten form. In one embodiment, 
the reactants are dry blended prior to addition to the 
extruder. The extruder may be equipped with pressure 
reducing devices (e.g., vents), which serve to remove the 
activated phenol by-product and thus drive the polymeriza 
tion reaction toward completion. The molecular weight of 
the polycarbonate product may be manipulated by control 
ling, among other factors, the feed rate of the reactants, the 
type of extruder, the extruder Screw design and configura 
tion, the residence time in the extruder, the reaction tem 
perature and the pressure reducing techniques present on the 
extruder. The molecular weight of the polycarbonate product 
may also depend upon the Structures of the reactants, Such 
as, activated aromatic carbonate, aliphatic diol, dihydroxy 
aromatic compound, and the catalyst employed. Many dif 
ferent Screw designs and extruder configurations are com 
mercially available that use Single Screws, double Screws, 
vents, back flight and forward flight Zones, Seals, Side 
Streams and Sizes. One skilled in the art may have to 
experiment to find the best designs using generally known 
principals of commercial extruder design. 
0094) The copolycarbonates of isosorbide with BPA and 
homopolycarbonate of isosorbide made by the melt route 
using BMSC or DPC as the carbonate source may discolor 
when exposed to high temperatures greater than 250 C. 
Residual catalyst in the polycarbonates may be a potential 
contributor to the discoloration. To arrest the effect of 
residual catalyst in the polycarbonate in accelerating forma 
tion of color bodies, the residual catalyst may be quenched 
with calculated amounts of phosphorus acid or n-butyl 
tosylate. The quenched polycarbonate on heating to high 
temperatures beyond 250° C. has higher resistance for 
discoloration. The type of quencher, mode of addition and 
dosage of each quencher in relation to the catalyst dosage are 
critical for achieving the optimum results. It was found that 
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the best results were obtained when phosphorus acid was 
used at 50 times (mole terms) the levels of NaOH catalyst 
that was initially added in the reactor during polymerization. 
0095 The process disclosed herein can be used to prepare 
aliphatic polycarbonate and aliphatic-aromatic copolycar 
bonates having a weight average molecular weight (Mw) of 
about 3,000 to about 150,000 and a glass transition tem 
perature (Tg) of about 80° C. to about 300° C. The number 
average molecular weights (Mn) of the aliphatic-aromatic 
copolycarbonate is at about 1500 to about 75000. The 
polycarbonate and copolycarbonate have high mechanical 
strength. The elastic modulus is about 2.0 GPa to about 6.0 
Gpa, as determined by instrumented indentation technique. 
Polycarbonates and copolycarbonateS prepared according to 
the methods described herein have been measured to have a 
hardnesses of about 150 MPa to about 350 Mpa (also 
determined by instrumented indentation technique). The 
transparency of cast films made from the polycarbonate or 
copolycarbonateS prepared by the claimed method is greater 
than about 89%, as determined by Haze Guard Instrument. 
The aliphatic homopolycarbonate and aliphatic-aromatic 
copolycarbonate have a Fries product concentration of leSS 
than about 500 ppm as determined by HPLC. The homo and 
copolycarbonates disclosed herein may further eXibit lower 
Refractive Index (RI), higher Scratch resistance and lower 
oxygen permeability compared to conventional BPA 
homopolycarbonate. Furthermore the disclosed homo and 
copolycarbonates are also optically active. 
0096. The homo and copolycarbonates may be used in 
making various articles including, but not limited to a film, 
a sheet, an optical wave guide, a display device and a light 
emitting diode prism. Furthermore the polycarbonates may 
further be used in making articles Such as, exterior body 
panels and parts for Outdoor vehicles and devices including 
automobiles, protected graphics Such as Signs, Outdoor 
enclosures Such as telecommunication and electrical con 
nection boxes, and construction applications Such as roof 
Sections, wall panels and glazing. Multilayer articles made 
of the disclosed polycarbonates particularly include articles 
which will be exposed to UV-light, whether natural or 
artificial, during their lifetimes, and most particularly out 
door articles, i.e., those intended for outdoor use. Suitable 
articles are exemplified by automotive, truck, military 
vehicle, and motorcycle exterior and interior components, 
including panels, quarter panels, rocker panels, trim, fend 
ers, doors, decklids, trunklids, hoods, bonnets, roofs, 
bumpers, fascia, grilles, mirror housings, pillar appliques, 
cladding, body Side moldings, wheel covers, hubcaps, door 
handles, spoilers, window frames, headlamp bezels, head 
lamps, tail lamps, tail lamp housings, tail lamp bezels, 
license plate enclosures, roof racks, and running boards, 
enclosures, housings, panels, and parts for outdoor vehicles 
and devices, enclosures for electrical and telecommunica 
tion devices, outdoor furniture; aircraft components, boats 
and marine equipment, including trim, enclosures, and hous 
ings, outboard motor housings, depth finder housings, per 
Sonal water-craft, jet-skis; pools, Spas, hot-tubs, Steps, Step 
coverings, building and construction applications Such as 
glazing, roofs, windows, floors, decorative window furnish 
ings or treatments, treated glass covers for pictures, paint 
ings, posters, and like display items, wall panels, and doors, 
protected graphics, outdoor and indoor Signs, enclosures, 
housings, panels, and parts for automatic teller machines 
(ATM), enclosures, housings, panels, and parts for lawn and 
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garden tractors, lawnmowers, and tools, including lawn and 
garden tools, window and door trim; Sports equipment and 
toys, enclosures, housings, panels, and parts for Snowmo 
biles, recreational vehicle panels and components, play 
ground equipment; articles made from plastic-wood combi 
nations, golf course markers, utility pit covers, computer 
housings, desk-top computer housings, portable computer 
housings, lap-top computer housings, palm-held computer 
housings, monitor housings, printer housings, keyboards, 
FAX machine housings, copier housings, telephone hous 
ings, mobile phone housings, radio Sender housings, radio 
receiver housings, light fixtures, lighting appliances, net 
work interface device housings, transformer housings, air 
conditioner housings, cladding or Seating for public trans 
portation, cladding or Seating for trains, Subways, or buses, 
meter housings, antenna housings, cladding for Satellite 
dishes, coaed helmets and personal protective equipment; 
coated Synthetic or natural textiles, coated photographic film 
and photographic prints, coated painted articles, coated dyed 
articles, coated fluorescent articles, coated foam articles, and 
like applications. 

0097. The homopolycarbonate of aliphatic diol and the 
copolycarbonate of aliphatic diol and aromatic dihydroxy 
compound as disclosed herein may be blended with other 
polymers. The disclosed polycarbonates may be blended 
with polymers including thermoplastics and thennosets. The 
homopolycarbonates and copolycarbonates disclosed can be 
blended with other polycarbonates including, but not limited 
to, conventional BPA polycarbonate (BPAPC) and polycar 
bonates made using monomerS Such as resorcinol, 1,1- 
bis(4'-hydroxy-3'methyl phenyl)cyclohexane and 4,41-me 
thyl-4-(1-methylethyl)-1,3-cyclohexandiyl)bisphenol. The 
disclosed polycarbonates also may be blended, for example, 
with aliphatic polyesterS Such as polycyclohexylidene cyclo 
hexanedicarboxylate (PCCD). 

0098. It will be appreciated by a person skilled in the art, 
that the method of making aliphatic homopolycarbonates 
and aliphatic-aromatic copolycarbonates as described above 
may be made in a batch or a continuous process. 

0099. In the process of preparing polycarbonates 
described herein, Some branching reaction (Fries reaction) 
takes place (especially at higher temperature and exacer 
bated by alpha catalysts) resulting in a Fries product. Fries 
products are defined as Structural units of the product 
polycarbonate which upon hydrolysis of the product poly 
carbonate affords a carboxy-Substituted dihydroxy aromatic 
compound bearing a carboxy group adjacent to one or both 
of the hydroxy groups of Said carboxy-Substituted dihydroxy 
aromatic compound. For example, in bisphenol A polycar 
bonate prepared by a melt polymerization method in which 
Fries reaction occurs, the Fries product comprises Structure 
IX below, which affords 2-carboxy bisphenol A upon com 
plete hydrolysis of the product polycarbonate. AS indicated, 
the Fries product may serve as a Site for polymer branching, 
the wavy lines of Structure IX indicating polymer chain 
Structure. 
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0100. The polycarbonates prepared in the disclosed 
method are analyzed for Fries content by High Performance 
Liquid Chromatography (HPLC) and the concentration of 
fries product is less than about 500 parts per million (ppm). 
This range of Fries concentration is much less that what is 
obtained in a conventional melt polymerization process. 
Fries products are undesirable for certain polycarbonates 
because excessive levels can adversely affect certain physi 
cal properties. 

Ovvur 

Ovrur 

0101 The aliphatic-aromatic copolycarbonates disclosed 
herein comprise an essentially random arrangement of Sub 
units as indicated in spectra generated by C NMR tech 
nique. Copolycarbonates prepared by the disclosed method 
from isosorbide, BPA, and diphenyl carbonate, a homopoly 
carbonate of BPA and diphenyl carbonate and a homopoly 
carbonate of isosorbide and diphenyl carbonate were ana 
lyzed by C NMR studies. 
0102) The carbonate region of the homopolycarbonates 
of BPA is shown in FIG. 1. FIG. 1 shows a peak 10 at 151.7 
ppm, which corresponds to the carbonate region of 
homopolycarbonate of BPA. FIG. 2 shows 3 peaks 12, 14 
and 16, which represent the carbonate region of the 
homopolycarbonate of isosorbide. 

0103 FIGS. 3 and 4 show the carbonate region of the 
copolycarbonates. In a block copolymer the carbonate 
region would have a peak at 151.7 ppm corresponding to the 
BPA blocks (hereinafter B-B) and peaks at 153.25 ppm 
corresponding to the isosorbide blocks (hereinafter I-I). In 
contrast, the copolycarbonates of isosorbide and BPA have 
two peaks at 152.75 and 152.45 ppm in addition to the peaks 
at 151.7 ppm and 153.25 ppm. These additional two peaks 
are from carbonates that have a BPA moiety on one side and 
an isosorbide moiety on the other (hereinafter B-I or IB). 
Without being bound by any theory, it is believed that in a 
copolycarbonate where the mole ratio of isosorbide and BPA 
is 50:50, the probability of an isosorbide unit getting 
attached to another isosorbide unit is Same as that of an 
isosorbide unit getting attached to a BPA unit. Similarly the 
probability of a BPA unit getting attached to another BPA 
unit is Same as that of getting attached to an isosorbide unit. 
Due to this equal probability, the ratio of the area under the 
peaks of an isosorbide-isosorbide (18), an isosorbide-BPA 
(20) and a BPA-BPA (22) would be 1:2:1 based on the 
probability as described above. This is further illustrated by 
the calculation of expected area under each curve from the 
isosorbide-BPA copolycarbonate NMR spectra as shown in 
FIGS. 3 and 4. 

0104. A random copolymer has a structure, which can be 
indicated by the presence of several block Sequences (B-B or 
I-I) and alternate sequences (B-I or I-B), that follows a 
Statistical distribution. 
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0105. In a random X:(1-x) copolycarbonate wherein X is 
the mole percent of BPA and 1-X the mole percentage of 
isosorbide, we can calculate the distribution as given in 
Table 1: 

TABLE 1. 

Peak area for 50:50 Peak area for 25:75 
copolycarbonate copolycarbonate 

Structural FIG. 3 FIG. 4 

units Expected Expected 
in the (from (from 
polymer Expected formula formula 
chain Probability of col 2) Actual of col 2) Actual 

B-B x * x 0.25 O.2748 O.5624 0.57 
I-I (1 - x) * 0.25 O.2359 O.0625 O.O6 

(1 - x) 
B-I; I-B 2(1-x) * x O.SO O.4864 0.375 O.37 

0106) The peaks in FIG. 3 have a ratio close to 1:2:1, 
which shows that the copolycarbonate is random in Struc 
ture. The peak areas, which are actually observed in FIG. 4 
also agree with the expected values as shown above. It 
should be appreciated by any perSon Skilled in this art that 
the area under the curve as measured by C NMR spectra 
will be associated with an error including but not limited to 
overlap of peaks and peak integration. The errors could also 
originate from the process of preparing the Samples for the 
NMR studies as well as the process of making the sample 
co-polycarbonates from isosorbide and BPA. These factors 
may contribute to a deviation between the peak areas, which 
are predicted by the distribution as discussed in Table 1 and 
the peak areas as measured by C NMR. The copolycar 
bonates will be considered as random if the deviations 
between the predicted and the measured peak areas will be 
in the range of about +25% from the predicted values. It 
should also be noted that while considering a co-polycar 
bonate, which has one structural unit, for example, BPA, in 
a very high concentration range, there will be blocks of BPA 
with isosorbide units randomly distributed over the polycar 
bonate chain. Same chain Structures may be observed in a 
co-polycarbonate with very high concentration range of 
isosorbide, wherein the BPA units will be distributed ran 
domly in the co-polycarbonate chain along with the isosor 
bide blocks. 

0107 Copolycarbonates according to the present inven 
tion comprise Structural units indicative of the activated 
carbonate. These Structural units may be end groups pro 
duced when activated carbonate fragments act as end cap 
ping agents or may be “kinks' introduced into the copoly 
mer by incorporation of activated carbonate fragments. 

0108 For example, the polycarbonates using ester-sub 
Stituted diaryl carbonates may further comprise very low 
levels of Structural features, which arise from Side reactions 
taking place during melt the polymerization reaction 
between ester-substituted diaryl carbonates of structure X 
and dihydroxy aromatic compounds of structure V. One Such 
Structural feature has structure XI. 
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0109) wherein R' is a halogen atom, cyano group, nitro 
group, C-Co alkyl radical, Ca-Co cycloalkyl radical, 
C-Cao aromatic radical, C-Co alkoxy radical, Ca-Cao 
cycloalkoxy radical, C-C aryloxy radical, C-Co alky 
lthio radical, C-C cycloalkylthio radical, C-C arylthio 
radical, C-C alkylsulfinyl radical, C-C cycloalkylsulfi 
nyl radical, C-C arylsulfinyl radical, C-C alkylsulfonyl 
radical, C-C cycloalkylsulfonyl radical, C-C arylsul 
fonyl radical, C-C alkoxycarbonyl radical, C-Co 
cycloalkoxycarbonyl radical, C-C aryloxycarbonyl radi 
cal, C2-Co alkylamino radical, Co-Co cycloalkylamino 
radical, Cs-Co arylamino radical, C-C alkylaminocarbo 
nyl radical, C-Clio cycloalkylaminocarbonyl radical, C-Co 
arylaminocarbonyl radical, or C-Coacylamino radical; and 
c is a whole number of 1-4. Typically Such kinks are present 
only to a minor extent (e.g., 0.2 to 1 mole %). 
0110 Structure XI is termed an internal ester-carbonate 
linkage or kink. Without wishing to be bound by any theory, 
it is thought that Structure XI may arise by reaction of an 
ester-Substituted phenol by-product, for example methyl 
Salicylate, at its ester carbonyl group with a dihydroxy 
aromatic compound or a hydroxyl group of a growing 
polymer chain. Further reaction of the ester-substituted 
phenolic hydroxy group leads to formation of a carbonate 
linkage. Thus, the ester-Substituted phenol by-product of 
reaction of an ester-Substituted diaryl carbonate with a 
dihydroxy aromatic compound may be incorporated into the 
main chain of a linear polycarbonate. Examples of Such kink 
structures are provided in FIG. 7. 
0111 Another structural feature present in melt polymer 
ization reactions between ester-Substituted diaryl carbonates 
and dihydroxy aromatic compounds is the ester-linked ter 
minal end group having structure XII where R' and c are as 
defined above: 

(XII) 
(R13)e 

--OH 

N-4 

0112 which possesses a free hydroxyl group. Without 
wishing to be bound by any theory, it is believed that 
Structure XII may arise in the same manner as Structue XI 
but without further reaction of the ester-substituted phenolic 
hydroxy group. In the Structures provided herein, the wavy 
line shown as 

0113) W. 
0114 represents the product polycarbonate polymer 
chain Structure. End capping of the polymer chains made by 
this method may be only partial. In typical embodiments of 
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copolycarbonateS prepared by the methods described herein 
the free hydroxyl group content is from 7% to 50%. This 
number may be varied by changing reaction conditions or by 
adding additional endcapping agents. 

0115) In one embodiment wherein the activated carbon 
ate used is BMSC, there will be an ester linked end group of 
Structure XIII, which possesses a free hydroxyl group. If the 
terminal group of structure XIII is attached to a BPA unit in 
the polycarbonate chain then it is designated hereinafter as 
BPA-Salicyl-OH end and if the terminal group of structure 
XIII is attached to an isosorbide unit in the polycarbonate 
chain, it is hereinafter designated as isosorbide Salicyl OH 
end. 

(XIII) 

HO 

0116. The polycarbonate made, using an activated aro 
matic carbonate as described above may also have end 
groups having structure XIV: 

(XIV) 
OwVV; 

R-1 
(Q)a 

0117 wherein Q is an ortho-positioned activating group. 
A is an aromatic ring, which can be the same or different 
depending on the number and location of their Substituent 
groups, and a is a whole numbers of 1 up to a maximum 
equivalent to the number of replaceable hydrogen groups 
Substituted on the aromatic rings A. R. is a Substituent group 
Selected from the group consisting of alkyl, cycloalkyl, 
alkoxy, aryl, alkylaryl, cyano, nitro, or halogen. The number 
b is a whole number of from Zero up to a maximum 
equivalent to the number of replaceable hydrogen atons on 
the aromatic ring A minus the number a. Non-limiting 
examples of Suitable ortho-positioned activating groups Q 
include (alkoxycarbonyl)aryl groups, halogens, nitro 
groups, amide groups, Sulfone groups, Sulfoxide groups, or 
imine groups with Structures indicated below: 

0118 whrein X is halogen or NO; M and M' indepen 
dently comprises N-dialkyl, N-alkylaryl, alkyl or aryl; and 
R, is alkyl or aryl. 
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0119). In one embodiment the terminal end group having 
structure XIV is the methyl salicyl group of structure XV 

(XV) 
COMe 

Ouvur. 

0.120. It could also include other salicyl groups such as 
the ethyl Salicyl, isopropyl Salicyl, and butyl Salicyl groups. 
0121 The polycarbonates and methods of preparation 
disclosed here are further illustrated in of the following 
non-limiting examples. 

EXAMPLES 

0.122 Unless indicated otherwise, parts are by weight, 
temperature is in C. 
0123 Glass transition temperature (Tg) of the polycar 
bonates and copolycarbonates was measured by differential 
Scanning calorimetry. 
0124 Weight average molecular weight (Mw) and num 
ber average molecular weight (M) were measured by gel 
permeation chromatography. Values quoted are relative to 
those measured for polystyrene Standards. Polydispersity 
index (PDI) was calculated from the ratio M/M, 
0.125 The Fries levels were obtained by methanolysis of 
the polycarbonate or copolycarbonate followed by analysis 
of the resulting products by a high pressure liquid chroma 
tography (HPLC). The values are expresses in parts per 
million (ppm). 
0126 The Yellowness index (YI) measurements were 
carried out on the Coloureye Macbeth instrument according 
to ASTM E313-73. 

0127 Transparency measurements were performed on 
Solution cast films using a Haze guard instrument. To make 
a film, about 1.1 gm of polycarbonate was dissolved in about 
10 ml of dichloromethane and poured into a petri dish of 7 
cm diameter and was left for drying. The film was carefully 
removed from the dish after about 12 hours. All the films 
were cast on petri dishes of equal diameter to ensure uniform 
thickness. 

0128 Elastic modulus and hardness were measured by 
instrumented indentation technique. Polycarbonate Samples 
were compression molded in form of a disk of 25 mm 
diameter and 3 mm to 4 mm thickness. Indentation tests 
were carried out by indenting with a Vickers indenter to a 
depth of 100 microns. The elastic modulus and hardness 
were measured from the load VS. indentation depth data. 
0.129 Scratch resistance measurements of homo and 
copolycarbonate were done either with 0.2 mm thick solu 
tion cast film or with 3.2 mm molded plaques. Initially, the 
Scratch is made on the Surface of the test Specimen with fixed 
load (2N in the case of films and 4N in the case of molded 
plaques). Subsequently, the Scratch depth is measured (in 
microns) with the profilometer. A lower Scratch depth is 
indicative of the better Scratch resistance of the material. 
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Scratch test in molded plaques was carried out in the 
Erichson Scratch tester type 413. The standard method on 
molded plaques complies with ISO 1518. Conical tipped 
needle with an angle of 90 Deg and a diameter of 0.1 mm 
was used to create the Scratch. One rotation takes 12 SecS and 
the load can vary from 0 to 10 Newton. With a profilometer 
the Scratch depth is analysed at least in five different points. 

0130 Scratch resistance on films (200 microns thick) 
prepared by Solvent casting was also used for Scratch 
resistance measurement in the same instrument. Load opti 
mization was done to get a stable crack depth profile in the 
profilometer. 

0131 Barrier measurement were done to evaluate the 
oxygen permeability for the homo and copolycarbonates. All 
barrier measurements were done with 30-35 micron mem 
branes. The membranes were made by dissolving test poly 
mer Sample in chloroform, followed by the casting of above 
Solution to get thin membranes after Solvent evaporation. 
The thickness of the membrane can be controlled by the 
concentration of Solution used of casting. The values are 
reported in Barrer (1 Barrer=10-10 cm3(STP) cm/cm2 s 
cmHg). Lower values indicative of an improved barrier to 
the oxygen gas. 
0132 RI measurements of the homo and copolycarbon 
ates were done with LEICA ABBe Mark II refractometer. 
Molded plaques of the test polymer was used for the 
measurements. All the measurements were done at r.t. Test 
glass (RI=1.5168) provided along with instrument and the 
BPAPC (1.5864) are used as bench-mark/control samples, 
prior to the measurements. Typically, few drops of contact 
fluid (1-bromonaphthalene, RI=1.658) is placed onto the 
Surface of the prism and spread uniformly by the placing the 
test specimen, covering whole portion of the prism (contact 
fluid is applied to avoid any air between the test Specimen & 
prism). The bright & dark area interface is adjusted to match 
with croSS Sign, by adjusting control knob, dispersion cor 
rection wheel and eye piece. 
0133. The optical rotations were measured with a JASCO 
(Model P-1020) polarimeter at a wavelength of 589 
(Sodium) nm in a cuvette of 50 mm length at a concentration 
of 5 g/L in chloroform at 250 C. 
0134) For polymer characterization, component analysis 
and polymer architecture studies, 'C NMR methodology 
was used. All 'C NMR spectra were recorded on a 400 
MHz Fourier transform NMR spectrometer. 8000 scans 
were accumulated for a polymer concentration of 300 mg in 
3 mL with a 30-degree flip angle pulse on carbon with 
inverse gated proton decoupling and a 5 Sec relaxation delay 
between Scans was used to ensure quantitative analysis of 
Spectra. All the Samples were dissolved in deuterated chlo 
roform containing chromiumacetylacetonate (35 mg in 3 mL 
CDCl3) to ensure quantitative recovery of NMR signals 
between Scans. Time domain Signals were acquired and were 
Fourier transformed using NetNMR software with 3 Hz or 
0 Hz, line broadening (exponential) function depending on 
the need on resolution. 

0135 An effective approach to analyze and quantify 
functional groups in polycarbonates (e.g. end OH groups) is 
to derivatize the functional group with an NMR active 
nucleus. Derivatizing the OH end groups using "P is 
advantageous Over other nuclei as it has high chemical shift 
sensitivity to structure and it is 100% abundant. Though 1H 
NMR is less time consuming it suffers a serious setback that 
the ppm level OH groups have to be measured along with 
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very large Signals of the polymer protons in the Spectrum. 
This can lead to baseline problems, as the receiver gain in an 
NMR experiment is always set with respect to the tallest 
peak. Also the 1H chemical shift of an OH group is very 
Sensitive against various external factorS Such as tempera 
ture, pH and Solvents. 
0.136 1,2-phenylene phosphochloridite of structure XVI 
was chosen as the 'P derivatizing agent, because it can react 
readily with -OH and -COOH groups at room tempera 
ture and quantitatively converts the reactive end groups to 
their respective derivatives. 

idene O 
-OH Y-Cl - PTS - Y-O- 

M CHCI M 
O (chloroform) O 

(XVI) -- 

r 
+ a 

N 
CI 

0.137 Small amount of pyridine were used to remove the 
HCl liberated during the derivatization process. For all the 
NMR measurements the polymer was dissolved in 4 mL of 
Stock Solution containing a known amount of trichlorophe 
nol which was used here as a Standard against which 
polymer OH groups are quantified. The Stock Solution was 
prepared by dissolving 134.1 mg of 2,4,6-trichlorophenol of 
structure XVII, 2.5 g of Chromium acetylacetonate and 2 
mL of pyridine in CDCl3. The above solution was made to 
250 mL in a volumetric flask with CDC13. Chromium 
acetylacetonate is used as a relaxation agent to facilitate 
complete recovery of NMR signals between scans. 

(XVII) 
OH 

Cl Cl 

C 

0.138 An accurately weighed amount of polymer was 
dissolved in the 4 mL of the above mentioned stock Solution 
and about Six to eight drops of 1,2-phenylenephosphochlo 
ridite (1) was added. It is always advisable to add few drops 
in exceSS So that complete derivatization is ensured. The 
exceSS phosphorelating reagent can be observed at 173 ppm 
as a broad Signal. The derivatized polymer Solution was used 
for 'P NMR analysis. For NMR measurements the total 
spectral width was chosen to be 70ppm with 145 ppm as the 
Spectral center. A two Second recycle delay was used 
between Scans, with a 30 degree flip angle pulse and a total 
of 1600 Scans were accumulated. A composite 1H decou 
pling sequence (WALTZ16) was employed during 31P 
detection. Decoupling was applied only during data acqui 
Sition and not during the recycle delay to avoid possible 
NOE effects in the 'P signals. 

Examples 1, 3, 5 & 7 

0.139 Examples 1, 3, 5 and 7 involve preparation of 
homopolycarbonates and copolycarbonates using diphenyl 
carbonate as the carbonating agent. A glass reactor was 
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passivated by Soaking the reactor in a bath containing 1 
molar aqueous hydrochloric acid Solution. After 24 hours, 
the reactor was thoroughly rinsed with demineralized water 
and deionized water to ensure that all traces of acid and other 
contaminants were removed. The reactor was then thor 
oughly dried and charged with the appropriate amounts of 
the monomers comprising isosorbide, Bisphenol A (BPA), 
and diphenyl carbonate (DPC). The ratio of the number of 
molesof DPC to the Sum of number of moles of BPA and 
isosorbide was kept at 1.12. In example number 1, a 
homopolycarbonate of isosorbide was prepared. In examples 
3, 5 and 7, the mole ratio of isosorbide to BPA was 1:1, 1:3 
and 1:5 respectively. After charging the reactants, the reactor 
was mounted in a polymerization assembly and checked to 
ensure that no leaks were present. The required amount of 
catalyst Solution was then introduced into the reactor using 
a Syringe. The catalyst was a combination of Sodium hydrox 
ide and tetramethylammonium hydroxide taken in a mole 
ratio of 1:100, respectively. In each case, 5.0x10" moles of 
tetramethylammonium hydroxide per mole of total of isoS 
orbide and BPA (Isosorbide+BPA) was used. The atmo 
Sphere inside the reactor was evacuated using a vacuum 
Source and purged with nitrogen. This evacuation/purge 
cycle was repeated three times after which the contents of 
the reactor were heated to melt the monomer mixture. When 
the temperature of the mixture reached 180 C., the stirrer in 
the reactor was turned on and adjusted to about 40 to about 
60 revolutions per minute (rpm) to ensure that the entire 
Solid mass fully melted, a process that took about 15 minutes 
to 20 minutes. The reaction mixture was then heated to 210 
C., while the pressure inside the reactor was adjusted to 180 
millibar (18,000 Pa). After stirring the reaction for 30 
minutes, the pressure inside the reactor was adjusted to 100 
millibar (10,000 Pa) and stirred for 50 minutes. The reaction 
temperature was then raised to 240 C. while readjusting the 
pressure to about 15 millibar (1,500 Pa). After allowing the 
reaction to proceed under these conditions for about 30 
minutes, the reaction temperature was raised to 260 C. 
while readjusting the pressure to around 1.5 millibar (150 
Pa). After allowing the reaction to proceed under these 
conditions for about 60 minutes the pressure inside the 
reactor was brought to atmospheric pressure and the product 
was removed. The properties of the homopolycarbonate and 
copolycarbonates are given in Table 2. 
0140 Table 2 also contains the properties measured for 
BPA polycarbonate (BPAPC) made by melt polymerization 
method. The homopolycarbonate of isosorbide had a Tg of 
151° C., which is comparable to BPA PC. The elastic 
modulus and hardness of the homopolycarbonate and 
copolycarbonateS prepared in examples 1, 3 & 5 were 
greater than BPAPC. Fries content of homopolycarbonate of 
isosorbide prepared in Example 1 was below the detection 
limit of the HPLC. In Examples 3 and 5 the Fries contents 
of the aliphatic-aromatic copolycarbonate were much lower 
than Fries content of the BPA polycarbonate. 
0141 Example 3, with a 1:1 mole ratio of isosorbide to 
BPA provided the sample for the C NMR spectra shown in 
FIG. 3. Example 5 with a mole ration of 1:3 of isosorbide 
to BPA provided the sample for C NMR spectra shown in 
FIG. 4. 

Examples 2,4 & 6 
0142. Examples 2, 4 and 6 involved preparation of 
homopolycarbonate and copolycarbonates using bismethyl 
Salicyl carbonate as the carbonating agent. A glass reactor 
was passivated by Soaking the reactor in a bath containing 1 
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molar aqueous hydrochloric acid Solution. After 24 hours, 
the reactor was thoroughly rinsed with demineralized water 
and deionized water to ensure that all traces of acid and other 
contaminants were removed. The reactor was then thor 
oughly dried and charged with the appropriate amounts 
isosorbide, Bisphenol A (BPA), and bismethylsalicyl car 
bonate (BMSC). The ratio of the number of moles of BMSC 
to the Sum of the number of moles of BPA and isosorbide 
was kept 1.03. The reactor was mounted in a polymerization 
assembly and checked to ensure that no leaks were present. 
The required amount of catalyst Solution, prepared as 
described in Examples 1, 3, and 5, was introduced into the 
reactor using a Syringe. The catalyst was a combination of 
Sodium hydroxide and tetrabutylphosphonium acetate in a 
mole ratio of 1:100, respectively. In each case, 1.5x10' 
moles of tetrabutylphosphonium acetate per mole of diol and 
dihydroxy compound (isosorbide +BPA) was used. The 
atmosphere inside the reactor was evacuated using a vacuum 
Source and purged with nitrogen. The evacuation/purge 
cycle was repeated three times after which the contents of 
the reactor were heated to melt the monomer mixture. When 
the temperature of the mixture reached 180 C., the stirrer in 
the reactor was turned on and adjusted to about 40 to about 
60 revolutions per minute (rpm) to ensure that the entire 
Solid mass fully maintained, a process that took about 20 
minutes. Next, the reaction mixture was heated to 220 C. at 
atmospheric pressure. After Stirring the reaction mass for 15 
minutes, the temperature was increased to 250 C., while the 
pressure inside the reactor was adjusted to 100 millibar 
(10,000 Pa). After stirring the reaction mass at this condition 
for 15 minutes, the. reaction temperature was raised to 260 
C. while readjusting the pressure to around 1.5 millibar (150 
Pa). After allowing the reaction to proceed under these 
conditions for about 5 minutes, the preSSure inside the 
reactor was brought to atmospheric preSSure and the product 
was removed. In the cases where the product was of high 
molecular weight, the molten polymer was dropped down by 
preSSurizing the reactor with nitrogen gas. Results are shown 
in Table 2. 

Examples 8, 9, & 10 

0143. In Examples 8, 9 & 10, the procedure was same as 
that in examples 1, 3, 5 & 7. In example 8, the copolycar 
bonate was prepared using isosorbide and 1.3 BHPM at a 
mole ratio of 1:1. In example 9, the copolycarbonate was 
prepared using isosorbide and resorcinol at a mole ratio of 
1:1. In example 10, the copolycarbonate was prepared using 
isosorbide and DMBPC at a mole ratio of 1:1. Results are 
shown in Table 2. 

0144. The properties of homo and copolycarbonates pre 
pared in examples 2, 4 and 6 were comparable or better than 
conventional BPAPC. Example 2, a homopolycarbonate of 
isosorbide showed a Tg comparable to that of BPAPC. The 
elastic modulus and hardness of polycarbonates prepared in 
examples 2, 4 & 6 were far more than conventional BPA 
polycarbonate. Fries contents of homo polycarbonate of 
isosorbide prepared in example 2 and isosorbide-BPA 
copolycarbonate as prepared in examples 4 & 6 were below 
the detection limit of the technique used in HPLC. The 
yellowneSS indeX and the transparency values of the poly 
carbonates prepared in examples 2, 4 & 6 were also better 
than conventional BPA polycarbonate. 

0145 The copolycarbonate of isosorbide and 1.3 BHPM 
as shown in example 8, showed a Tg of 192 C., which is far 
greater that the conventional BPAPC. 
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TABLE 2 

Example Carbonating Mw Mn 
Composition Number Agent (PS) (PS) Tg ( C.) 

BPAPC DPC 33495 17241 48.0 
Isosorbide 1. DPC 16060 8728 51.O 
(100%) 

2 BMSC 2O678 10147 52.O 

Isosorbide- 3 DPC 27879 15832 52.O 
BPA (50-50) 4 BMSC 2.8991. 15955 52.5 

Isosorbide- 5 DPC 38795 21597 52.O 
BPA (25-75) 6 BMSC 33588 17696 51.O 

Isosorbide - 7 DPC 25767 15358 N/A 
BPA (83-17) 
Isosorbide- 8 DPC 24378 11891 92.0 
13 BHPM 
(50-50) 
Isosorbide - 9 DPC 10217 61.25 11.O 
resorcinol 
(50-50) 
Isosorbide - 1O DPC 2323O 12360 55.0 
DMBPC 

Examples 11 
0146 In example 11, the copolycarbonate prepared in 
Example 4, with a 1:1 mole ratio of isosorbide to BPA using 
BMSC as carbonating agent provided the sample for the 'P 
NMR spectra shown in FIG. 5. Peaks 24 represent BPA 
salicyl OH end and peaks 26 represent isosorbide salicyl OH 
ends. The presence of these peaks corresponding to structure 
XIII are observed only when BMSC was used as a carbon 
ating agent for the polymerization process. 

Example 12 
0147 In example 12, the copolycarbonate prepared in 
Example 3, with a 1:1 mole ratio of isosorbide to BPA using 
DPC as carbonating agent provided the sample for the 'P 
NMR spectra shown in FIG. 6. Peaks 24 and 26 were not 
observed in this NMR spectrum. 

Example 13 
0148 Various isosorbide: BPA copolymers were prepared 
by the activated carbonate (BMSC) and melt (DPC) meth 
ods. 'P NMR spectra were collected for comparison pur 
poses as shown in FIG. 8. 

Examples 14-19 
014.9 The homo and copolycarbonates prepared in 
examples 14-19 as indicated in Table 3 are prepared in the 

Composition 

BPAPC 

Isosorbide 

(100%) 
Isosorbide 

BPA (25-75) 
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Elastic 
Modulus Hardness Fries Transparency 
(Gpa) (Mpa) (ppm) YI (%) 

2.94 1910 7319 O.77 90.9 
4.95 311.8 Not 10.54 

detected 
4.83 313.8 Not 0.44 

detected 
3.34 234.3 158.4 4.53 
3.29 232.7 Not O.343 92.0 

detected 
3.63 222.7 42.8 9.74 
3.45 219.8 Not O.62 91.9 

detected 
NFA N/A N/A N/A N/A 

NFA N/A N/A N/A N/A 

NFA N/A N/A N/A N/A 

NFA N/A N/A N/A N/A 

Same procedure as described in examples 2, 4 and 6 in the 
of 

examples 14-19 were measured for oxygen permeability and 
preceding Sections. Homo and copolycarbonates 

the data as shown in the table 3 clearly shows and the oxygen 
permeability is maximum for BPAPC and gets reduced with 
increasing amount of isosorbide in the copolycarbonate. 

0150. The homo and copolycarbonates of examples 14, 
18 and 19 were tested for Scratch resistance and the Scratch 
depth of copolycarbonates of isosorbide and BPA made in 
examples 18 and 19 showed much better Scratch resistance 
compared to BPAPC as in example 14. 

0151. The Refractive Index(RI) for the homopolymers 
made from BPA as in example 14 is higher than the RI of the 
homopolymers made from isosorbide as shown in example 
15. 

0152 The homo and copolycarbonates disclosed herein 
as made in examples 15-19 are optically active as shown in 
Table 3. The optical rotation of copolycarbonates compris 
ing 25% isosorbide has an optical rotation of 45 and 
increases up to 155 in case of homopolycarbonate of 
isosorbide. This property of the disclosed polycarbonates 
make them Suitable candidates for making optical wave 
guides. 

TABLE 3 

O2 Scratch 
Example Carbonating permeability Depth Optical Refractive 
Number Agent (Barrier) Microns) Rotation Index 

14 BMSC O.98 8 O 1.58 

15 BMSC 155 1.5 

16 BMSC 0.75 45 
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TABLE 3-continued 

O2 Scratch 
Example Carbonating permeability Depth 

Composition Number Agent (Barrier) Microns) 

Isosorbide- 17 BMSC O.3 
BPA (50-50) 
Isosorbide- 18 BMSC O.2 6.5 115 
BPA (75-25) 
Isosorbide- 19 BMSC O1 4.75 140 
BPA (90-10) 

0153. Examples 20 involved preparation of copolycar 
bonate using bismethylsalicyl carbonate as the carbonating 
agent and quenching the polycarbonate with a quencher as 
described herein. 25 g of polycarbonate having 10 mole % 
isosorbide and 90 mole % BPA was dissolved in about 100 
ml of dichloromethane Solvent in a conical flask. The flask 
was Shaken to ensure the polycarbonate was completely 
dissolved. In a separate beaker, about 500 ml of methanol 
was taken. The moles of NaOH added as catalyst in making 
these polycarbonates usually varies between 1 to 2x10 
moles for every mole of the bisphenol or diol (or both 
together depending on whether a copolycarbonate or a 
homopolycarbonate was being made). A loading of close to 
50 times in moles of phosphorus acid was added. A Stock 
Solution of phosphorus acid was made by dissolving 2.16 g 
in 20 ml of Milli-Q water. From the stock Solution, 100 ml 
was taken in a Syringe and added to the methanol. The 
polycarbonate was precipitated out of the Solution in dichlo 
romethane by adding it slowly into the methanol containing 
the phosphorus acid quencher. The methanol was continu 
ously Stirred to ensure proper mixing. The precipitated 
polycarbonate was then filtered and the residual methanol 
was removed by drying under Vacuum overnight. 5g of the 
dried polycarbonate was then taken in a test tube or a vial 
and subjected to a temperature of 250 C. for 10 minutes in 
either an oil heated or electrically heated chamber. The color 
change after 10 minutes was Visually rated on a Scale of 1 to 
10 where 10 was brown and 1 denoted colorless polycar 
bonate. The polycarbonate remained colorless after the 
exposure to a temperature of 250 C. 

0154) While the invention has been described with ref 
erence to a preferred embodiment, it will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the Scope of the invention. In addition, many 
modifications may be made to adapt a particular situation or 
material to the teachings of the invention without departing 
from essential Scope thereof. Therefore, it is intended that 
the invention not be limited to the particular embodiment 
disclosed as the best mode contemplated for carrying out 
this invention, but that the invention will include all embodi 
ments falling within the Scope of the appended claims. 

1. A composition comprising a copolycarbonate, which 
copolycarbonate comprises: Structural units derived from an 
aliphatic diol of the formula I: 

Optical 
Rotation 
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Refractive 
Index 

(I) 

H OH: 

Structural units derived from an aromatic dihydroxy com 
pound of the formula II: 

HO-A-OH (II): 

and C=O structural units derived from an activated diaryl 
carbonate of the formula III: 

(III) 
O 

Ar-O-C-O-Ar; 

wherein A is an aromatic radical, Ar is a Substituted 
aromatic radical having 6 to 30 carbon atoms, Said 
copolycarbonate comprises random arrangement of 
Said structural units derived from the aliphatic diol and 
the aromatic hydroxy compounds, and Said copolycar 
bonate further comprises Structural units indicative of 
the activated carbonate. 

2. The copolycarbonate of claim 1, wherein the copoly 
carbonate is not liquid crystalline and has a number average 
molecular weight greater than 7,500. 

3. The composition according to claim 2, wherein the 
aromatic dihydroxy compound comprises at least one com 
pound of the formula IV: 

|| || || HO--Gl- l --Gl--OH 

wherein each G' is independently an aromatic group; E is 
Selected from the group consisting of an alkylene group, an 
alkylidene, a cycloaliphatic group, a Sulfur-containing link 
age group, a phosphorus-containing linkage group, an ether 
linkage group, a carbonyl group, a tertiary nitrogen group, 
and a silicon-containing linkage group; R is a hydrogen or 
a monovalent hydrocarbon group; each Y is independently 
Selected from the group consisting of a monovalent hydro 

IV 
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carbon group, an alkenyl group, an allyl group, a halogen, an 
oxy group and a nitro group; each m is independently a 
whole number from Zero through the number of positions on 
each respective G' available for substitution; p is a whole 
number from Zero through the number of positions on E 
available for Substitution; t is a natural number; S is either 
Zero or one; and u is a whole number. 

4. The composition according to claim 3, wherein the 
aromatic dihydroxy compound is Selected from the group 
consisting of 4,4'-(3,3,5-trimethylcyclohexylidene 
)diphenol, 4,4'-bis(3.5imethyl)diphenol, 1,1-bis(4-hydroxy 
3-methylphenyl)cyclohexane, 1,1-bis(4-hydroxy-3-meth 
ylphcnyl)cyclohexane (DMBPC), 4,4'-1-methyl-4(1- 
methyl-ethyl)-1,3-cyclohexandiyl)bisphenol (1.3 BHPM), 
4-1-3-(4-hydroxyphenyl)-4-methylcyclohexyl-1-methyl 
ethyl-phenol (2.8 BHPM), 3.8-dihydroxy-5a,10b-diphenyl 
coumarano-2',3',2,3-coumarane (DCBP), 2-phenyl-3,3- 
bis(4-hydroxyphenyl)phthalimidine (PPPBP), 4.4-bis(4- 
hydroxyphenyl)heptane, 2,4'-dihydroxydiphenylmethane, 
bis(2-hydroxyphenyl)metane, bis(4-hydroxyphenyl 
)methane, bis(4-hydroxy-5-nitrophenyl)methane, bis(4-hy 
droxy-2,6-dimethyl-3-methoxyphenyl)methane, 1,1-bis(4- 
hydroxyphenyl)ethane, 1,1-bis(4-hydroxy-2- 
chlorophenyl)ethane, 2,2-bis(4-hydroxyphenyl)propane 
(BPA), 2,2-bis(3-phenyl-4-hydroxyphenyl)propane, 2,2- 
bis(4-hydroxy-3-methylphenyl)propane, 2,2-bis(4-hydroxy 
3-ethylphenyl)propane, 2,2-bis(4-hydroxy-3-isopropylphe 
nyl)propane, 2,2-bis(4-hydroxy-3,5- 
dimethylphenyl)propane, 2,2-bis(3,5,3',5'-tetrachloro4,4'- 
dihydroxyphenyl)propane, bis(4- 
hydroxyphenyl)cyclohexylmethane, 2,2-bis(4- 
hydroxyphenyl)-1-phenylpropane, 2,4'-dihydroxyphenyl 
sulfone, 4,4'-dihydroxydiphenylsulfone (BPS), BPF, 4,4'di 
hydroxy-1,1-biphenyl, 2,6-dihydroxy naphthalene, hydro 
quinone; resorcinol, C. alkyl-substituted resorcinols, 3-(4- 
hydroxyphenyl)-1,1,3-trimethylindan-5-ol, 1-(4- 
hydroxyphenyl)-1,3,3-trimethylindan-5-ol, and 2,2,2,2'- 
tetrahydro-3,3,3',3'-tetramethyl-1,1'-Spirobi1H-indene-6, 
6'-diol. 

5. The composition according to claim 2, wherein the 
aliphatic diol is 1,4:3,6-dianhydro-D-glucitol. 

6. The composition according to claim 3, wherein the 
aliphatic diol is 1,4:3,6-dianhydro-D-glucitol. 

7. The composition according to claim 2, wherein the 
activated diaryl carbonate is bismethylsalicylcarbonate. 

8. The composition according to claim 3, wherein the 
activated diaryl carbonate is bismethylsalicyl carbonate. 

9. The composition according to claim 1, wherein the 
composition further comprises an additional polymer. 

10. The composition according to claim 9, wherein the 
additional polymer is a polycarbonate or a polyester. 

11. The composition according to claim 1, wherein the 
copolycarbonate has a concentration of Structural units 
derived from the aromatic dihydroxy compound of 1 to 99 
mole percent. 

12. The composition according to claim 11, wherein the 
copolycarbonate has a concentration of Structural units 
derived from the aliphatic diol of 1 to 99 mole percent. 

13. The composition according to claim 12, wherein the 
copolycarbonate has a concentration of Structural units 
derived from the aliphatic diol of at least 5 mole percent. 

14. The composition according to claim 2, wherein the 
activated aromatic carbonate has the formula V. 
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(V) 
O 

co--0-1-0--0 
wherein A and A are each independently aromatic rings, a 
and a' are whole numbers of Zero up to a maximum equiva 
lent to the number of replaceable hydrogen groupS. Substi 
tuted on the aromatic rings A and A respectively, wherein 
a+a' is greater than or equal to 1; R and R' are each 
independently Substituent groupS Selected from the group 
consisting of alkyl, cycloalkyl, alkoxy, aryl, cyano, nitro, 
and halogen; b is a whole number of from 0 up to a 
maximum equivalent to the number of replaceable hydrogen 
groups on the aromatic ring A minus a, b' is a whole number 
of from 0 up to a maximum equivalent to the number of 
replaceable hydrogen groups on the aromatic ring A minus 
a'; and wherein Q and Q are each independently an ortho 
positioned activating group Selected from the group of 
radicals consisting of (alkoxycarbonyl)aryl groups, halo 
gens, nitro groups, amide groups, Sulfone groups, Sulfoxide 
groups, or imine groups with Structures indicated below: 

wherein, X comprises halogen or NO, M and M' indepen 
dently comprises N-alkyl, N-aryl, or N-allyl aryl and R2 
comprises alkyl or aryl. 

15. The composition according to claim 14, wherein the 
activated aromatic carbonate is an ester-Substituted diaryl 
carbonate of formula X: 

(X) 

wherein R' is independently at each occurrence selected 
from the group consisting of an C-Co alkyl radical, a 
CC20 cycloalkyl radical, and a C-Co aromatic radical; 
R is independently at each occurrence Selected from the 
group consisting of a halogen, a cyano group, a nitro group, 
a C-Co alkyl radical, a C-Co cycloalkyl radical, a C-Co 
aromatic radical, a C-Co alkoxy radical, a C-Co 
cycloalkoxy radical, a C-Co aryloxy radical, a C-Co 
alkylthio radical, a C-C cycloalkylthio radical, a C-Co 
arylthio radical, a C-C alkylsulfinyl radical, a C-Co 
cycloalkylsulfinyl radical, a C-C arylsulfinyl radical, a 
C-Cao alkylsulfonyl radical, a Ca-Cao cycloalkylsulfonyl 
radical, a C-C arylsulfonyl radical, a C-C alkoxycar 
bonyl radical, a C-C cycloalkoxycarbonyl radical, a 
C-Co aryloxycarbonyl radical, a C-C60 alkyamino radi 
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cal, a Co-Co cycloalkylamino radical, a Cs-Coo arylamino 
radical, a C1-C40 alkylaminocarbonyl radical, a C-Co 
cycloalkylaminocarbonyl radical, a C-Clo arylaminocarbo 
nyl radical, and a C-Co acylamino radical, and c is inde 
pendently at each occurrence a whole number of from 0 to 
4. 

16. The composition according to claim 15, wherein the 
activated aromatic carbonate is bismethylsalicyl carbonate. 

17. The composition according to claim 1, wherein the 
Structural units indicative of the activated carbonate are end 
groupS. 

18. The composition according to claim 17, wherein the 
end groups indicative of the activated carbonate have the 
Structure XIV: 

(XIV) 
Omn; 

(R)-A1 

wherein Q is an ortho-positioned activating group; A is an 
aromatic ring, a is a natural numbers of 1 to the number of 
replaceable hydrogen groupS. Substituted on the aromatic 
ring A; R is a Substituent group Selected from the group 
consisting of alkyl, cycloalkyl, alkoxy, aryl, cyano, nitro, 
and halogen; b is a whole number of from 0 to the number 
of replaceable hydrogen groups on the aromatic ring minus 
a; and Q is a radical independently Selected from the group 
consisting of (alkoxycarbonyl)aryl groups, halogens, nitro 
groups, amide groups, Sulfone groups, Sulfoxide groups, or 
irine groups with Structures indicated below: 

wherein, X comprises halogen or NO, M and M' indepen 
dently comprises N-alkyl, N-aryl, or N-alkyl aryl and R2 
comprises alkyl or aryl. 

19. The composition according to claim 18, wherein the 
end groups indicative of the activated carbonate are com 
prise methyl salicyl groups of formula XV: 

(XV) 
COMe 

20. The composition according to claim 17, wherein the 
end groups indicative of the activated carbonate comprise 
end groups of Structure XII: 
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(XII) 
(R13)e 

wherein R' is a halogen atom, cyano group, nitro group, 
C-Cao alkyl radical, Ca-Cao cycloalkyl radical, Ca-Cao aro 
matic radical, C-Co alkoxy radical, Ca-Cao cycloalkoxy 
radical, C-C aryloxy radical, C-C alkylthio radical, 
C-C cycloalkylthio radical, C-C arylthio radical, 4. 

C-Cao alkylsulfinyl radical, Ca-Cao cycloalkylsulfinyl radi 
cal, C-Co arylsulfinyl radical, C-Co alkylsulfonyl radical, 
C-C cycloalkylsulfonyl radical, C-C arylsulfonyl radi 
cal, C-C alkoxycarbonyl radical, C-C cycloalkoxycar 
bonyl radical C-C aryloxycarbonyl radical, C-C alky 
lamino radical, C-C60 cycloalkylamino radical, Cs-Co 
arylarnino radical, C-Clio alkylaminocarbonyl radical, 
C-Cao cycloalkylaminocarbonyl radical, Ca-Cao arylami 
nocarbonyl radical, or C-Co acylamino radical; and c is a 
whole number of 1-4. 

21. The composition according to claim 20, wherein the 
end groups indicative of the activated carbonate comprise 
end groups of Structure XII: 

(XIII) 

HO 

22. The composition according to claim 1, wherein the 
Structural units indicative of the activated carbonate are 
internal ester-carbonate linkages of formula XI: 

(XI) 
(R13)e 

... I ?h OCOvvv, 
N-4 

wherein R' is a halogen atom, cyano group, nitro group, 
C-Cao alkyl radical, Ca-Cao cycloalkyl radical, Ca-Cao aro 
matic radical, C-C20 alkoxy radical, C-C cycloalkoxy 
radical, C-C aryloxy radical, C-C alkylthio radical, 
C-Cao cycloalkylthio radical, Ca-Cao arylthio radical, 
C-Cao alkylsulfinyl radical, Ca-Cao cycloalkylsulfinyl radi 
cal, C-Co arylsulfinyl radical, C-Co alkylsulfonyl radical, 
C-C cycloalkylsulfonyl radical, C-C arylsulfonyl radi 
cal, C-C alkcoxycarbonyl radical, C-C cycloalkoxy 
carbonyl radical, C-Co aryloxycarbonyl radical, C-Co 
alkylamino radical, C-C cycloalkylarnino radical, Cs-Co 
arylamino radical, C-Clio alkylaminocarbonyl radical, 
C-Clo cycloalkylaminocarbonyl radical, Ca-Cao arylami 
nocarbonyl radical, or C-Co acylamino radical; and c is a 
whole number of 1-4. 
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23. The composition according to claim 5, wherein the 
copolycarbonate has a yellowneSS index of less than 2. 

24. The composition according to claim 20, wherein the 
copolycarbonate has a yellowneSS index of less than 1. 

25. The composition according to claim 24, wherein the 
copolycarbonate has a yellowneSS index of less than 0.8. 

26. The composition according to claim 5, wherein the 
copolycarbonate has less than 25 ppm Fries product. 

27. The composition according to claim 5, wherein the 
copolymer has a yellowneSS index of less than 1, a Tg of at 
least 140 C. and a transparency of at least 80%. 

28. An article comprising the composition of claim 1. 
29. The article of claim 28 comprising a film, a sheet, an 

optical wave guide, a display device and a light emitting 
diode prism. 

30. A composition comprising a copolycarbonate, 
wherein the copolycarbonate comprises: 

structural units derived from: 1,4:3,6-dianhydro-D-gluci 
tol; 

Structural units derived from an activated aromatic dihy 
droxy compound of the formula II: 
HO-A-OH (II): 

and C=O structural units derived from a activated diaryl 
carbonate of the formula III: 

(III) 

Ar-O-C-O-Ar; 

wherein A is an aromatic radical; Ar is a Substituted 
aromatic radical having 6 to 30 carbon atoms, Said 
copolycarbonate comprises random arrangement of 
Said structural units derived from the aliphatic diol and 
the aromatic hydroxy compounds, is not liquid crys 
talline, has a number average molecular weight greater 
than 7,500, has a Tg of at least 140 C. and has a 
yellowneSS index of less than 1. 

31. A composition comprising a copolycarbonate, which 
copolycarbonate consists essentially of Structural units 
derived from one or more aliphatic diols of the formula I: 

(I) 

OH: 

Structural units derived from one or more aromatic dihy 
droxy compounds of the formula II: 

HO-A-OH (II): 

and C=O structural units derived from one or more 
activated diaryl carbonate of the formula III: 
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(III) 
O 

Ar-O-C-O-Ar; 

wherein A is an aromatic radical, Ar is a Substituted 
aromatic radical having 6 to 30 carbon atoms, Said 
copolycarbonate comprises random arrangement of 
Said structural units derived from the aliphatic diol and 
the aromatic hydroxy compounds, and the copolycar 
bonate further comprises Structural units indicative of 
the activated carbonate. 

32. A method comprising reacting together, in the pres 
ence of a catalyst, one or more aliphatic diol of the formula 
1: 

(I) 

OH: 

one or more aromatic dihydroxy compounds of the formula 
II: 

HO-A-OH (II): 

and one or more activated diaryl carbonate of the formula 
III: 

(III) 
O 

Ar-O-C-O-Ar; 

wherein A is an aromatic radical and Ar is a Substituted 
aromatic radical having from 6 to 30 carbon atoms. 

33. The method according to claim 32, wherein the 
aliphatic diol is 1,4:3,6-dianhydro-D-glucitol. 

34. The method according to claim 32, wherein the 
aromatic dihydroxy compound comprises at least one com 
pound of the formula IV 

|| || || HO-t-Gl- l t-Gl--OH 

wherein each G' is an independently aromatic group; E is 
Selected from the group consisting of an alkylene group, an 
alkylidene group, a cycloaliphatic group, a Sulfur-containing 
linkage group, a phosphorus-containing linkage group, an 
ether linkage group, a carbonyl group, atertiary nitrogen 
group, and a silicon-containing linkage group; R is a 
hydrogen or a monovalent hydrocarbon group each; Y is 
independently Selected from the groups consisting of a 
monovalent hydrocarbon group, an alkenyl group, an allyl 
group, a halogen, an oxy group and a nitro group; each m is 

IV 
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independently a whole number from Zero through the num 
ber of positions on each respective G' available for substi 
tution; p is a whole number from Zero through the number 
of positions on E available for Substitution; t is a natural 
number greater than or equal to one; S is either Zero or one; 
and u is a whole number. 

35. The method according to claim 32, wherein the 
dihydroxy compound is Selected from the group consisting 
of 4,4'-(3,3,5-trimethylcyclohexylidene)diphenol, 4,4'-bis(3, 
5-dimethyl)diphenol, 1,1-bis(4-hydroxy-3-methylphenyl 
)cyclohexane, 1,1-bis(4-hydroxy-3'methylphenyl)cyclohex 
ane (DMBPC), 4,4'-1-methyl-4-(1-methyl-ethyl)-1,3- 
cyclohexandiyl)bisphenol (1.3 BHPM), 4-1-3- 
(4-hydroxyphenyl)-4-methylcyclohexyl)-1-methyl-ethyl 
phenol (2.8 BHPM), 3,8-dihydroxy-5a, 10b 
diphenylcoumarano-2',3',2,3-coumarane (DCBP), 2-phenyl 
3,3-bis(4-hydroxyphenyl)phthalimidine (PPPBP) 44-bis(4- 
hydroxyphenyl)heptane, 2,4'-dihydroxydiphenylmethane, 
bis(2-hydroxyphenyl)methane, bis(4-hydroxyphenyl 
)methane, bis(4-hydroxy-5-nitrophenyl)methane, bis(4-hy 
droxy-2,6-dimethyl-3-methoxyphenyl)methane, 1,1-bis(4- 
hydroxyphenyl)ethane, 1,1-bis(4-hydroxy-2- 
chlorophenyl)ethane, 2,2-bis(4-bydroxyphenyl)propane 
(BPA), 2,2-bis(3-phenyl-4-hydroxyphenyl)propane, 2,2- 
bis(4-hydroxy-3-methylphenyl)propane, 2,2-bis(4-hydroxy 
3-ethylphenyl)propane, 2,2-bis(4-hydroxy-3-isopropylphe 
nyl)propane, 2,2-bis(4-hydroxy-3,5- 
dimethylphenyl)propane, 2,2-bis(3,5,3',5'-tetrachloro-4,4'- 
dihydroxyphenyl)propane, bis(4- 
hydroxyphenyl)cyclohexylmethane, 2,2-bis(4- 
hydroxyphenyl)-1-phenylpropane, 2,4'-dihydroxyphenyl 
sulfone, 4,4'-dihydroxydiphenylsulfone (BPS), BPF, 4,4'di 
hydroxy-1,1-biphenyl, 2,6-dihydroxy naphthalene, hydro 
quinone; resorcinol, C- alkyl-substituted resorcinols, 3-(4- 
hydroxyphenyl)-1,1,3-trimethylindan-5-ol, 1-(4- 
hydroxyphenyl)-1,3,3-trimethylindan-5-ol, and 2,2,2,2'- 
tetrahydro-3,3,3',3'-tetramethyl-1,1'-Spirobi1H-indene-6, 
6'-diol. 

36. The method according to claim 32, wherein the 
catalyst comprises: 

a. an alpha catalyst Selected from the group consisting of 
alkali metal Salts and alkaline earth metal Salt: and 

b. a beta catalyst Selected from the group consisting of a 
quaternary ammonium compound and a quaternary 
phosphonium compound. 

37. The method according to claim 32, wherein the 
activated aromatic carbonate has formula V: 

(V) 
O 

--0-1-0--0 
wherein A and A are each independently aromatic rings, a 
and a' are whole numbers of Zero up to a maximum equiva 
lent to the number of replaceable hydrogen groupS. Substi 
tuted on the aromatic rings A and A respectively, wherein a 
+a' is greater than or equal to 1. R and R' are each 
independently Substituent groups Selected from the group 
consisting of alkyl, cycloalkyl, alkoxy, aryl, cyano, nitro, 
and halogen; b is a whole number of from 0 up to a 
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maximum equivalent to the number of replaceable hydrogen 
groups on the aromatic ring A minus a, b' is a whole number 
of from 0 up to a maximum equivalent to the number of 
replaceable hydrogen groups on the aromatic ring A minus 
a'; and wherein Q and Q' are each independently activating 
groupS Selected from the group of radicals consisting of 
(alkoxycarbonyl)aryl groups, halogens, nitro groups, amide 
groups, Sulfone groups, Sulfoxide groups, or imine groups 
with structures indicated below: 

wherein, X comprises halogen or NO, M and M' indepen 
dently comprises N-alkyl, N-aryl, or N-alkyl aryl and R2 
comprises alkyl or aryl. 

38. The method according to claim 37, wherein the 
activated aromatic carbonate is bismethylsalicyl carbonate. 

39. The method according to claim 37, wherein the mole 
ratio of the activated diaryl carbonate is from 0.95 to 1.3 
relative to the total moles of the aromatic dihydroxy com 
pound and the aliphatic diol. 

40. A method comprising reacting together in the presence 
of a catalyst: 

14:3,6-dianbydro-D-glucitol; 
one or more aromatic dihydroxy compounds Selected 

from the group consisting of 4,4'-(3,3,5-trimethylcy 
clohexylidene)diphenol, 4,4'-bis(3,5-dimethyl)diphe 
nol, 1,1-bis(4-hydroxy-3-methylphenyl)cyclohexane, 
1,1-bis(4-hydroxy-3'methylphenyl)cyclohexane 
(DMBPC), 4,4'-1-methyl-4-(1-methyl-ethyl)-1,3-cy 
clohexandiyl)bisphenol (1.3 BHPM), 4-1-3-(4-hy 
droxyphenyl)-4-methylcyclohexyl)-1-methyl-ethyl 
phenol (2.8 BHPM), 3.8-dihydroxy-5a, 10b 
diphenylcoumarano-2',3',2,3-coumarane (DCBP), 
2-phenyl-3,3-bis(4-hydroxyphenyl)phthalimidine 
(PPPBP) 44-bis(4-hydroxyphenyl)heptane, 2,4'-dihy 
droxydiphenylmethane, bis(2-hydroxyphenyl 
)methane, bis(4-hydroxyphenyl)methane, bis(4-hy 
droxy-5-nitrophenyl)methane, bis(4-hydroxy-2,6- 
dimethyl-3-methoxyphenyl)methane, 1,1-bis(4- 
hydroxyphenyl)ethane, 1,1-bis(4-hydroxy 
2chlorophenyl)ethane, 2,2-bis(4- 
hydroxyphenyl)propane (BPA), 2,2-bis(3-phenyl-4- 
hydroxyphenyl)propane, 2,2-bis(4-hydroxy-3- 
methylphenyl)propane, 2,2-bis(4-hydroxy-3- 
ethylphenyl)propane, 2,2-bis(4-hydroxy-3- 
isopropylphenyl)propane, 2,2-bis(4-hydroxy-3,5- 
dimethylphenyl)propane, 2,2-bis(3,5,3',5'-tetrachloro 
4,4 '-dihydroxyphenyl)propane, bis(4- 
hydroxyphenyl)cyclohexylmethane, 2,2-bis(4- 
hydroxyphenyl)-1-phenylpropane, 2,4'- 
dihydroxyphenyl Sulfone, 4,4'- 
dihydroxydiphenylsulfone (BPS), BPF, 4,4'dihydroxy 
1,1-biphenyl, 2,6dihydroxynaphthalene; 
hydroquinone, resorcinol, C- alkyl-Substituted resor 
cinols, 3-(4-hydroxyphenyl)-1,1,3-trimethylindan-5-ol, 
1-(4-hydroxyphenyl)-1,3,3-trimethylindan-5-ol, and 
2,2,2,2'-tetrahydro-3,3,3',3'-tetramethyl-1,1'-spirobi1 
H-indene-6,6'-diol; and 
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bismethylsalicyl carbonate (BMSC); 
wherein the catalyst comprises: 
(a) an alpha catalyst Selected from the group consisting of 

alkali metal Salts and alkaline earth metal Salts: and 

(b) a beta catalyst Selected from the group consisting of 
quaternary ammonium compound and a quaternary 
phosphonium compounds. 

41. A composition comprising a copolycarbonate, 
wherein Said copolycarbonate is prepared by reacting 
together, in the presence of a catalyst, one or more aliphatic 
diols of the formula I: 

(I) 

H OH: 

one or more aromatic dihydroxy compounds of the formula 
II: 

HO-A-OH (II): 

and one or more activated diaryl carbonate of the formula 
III: 

(III) 

Ar-O-C-O-Ar; 

wherein A is an aromatic radical and Ar is a Substituted 
aromatic radical having from 6 to 30 carbon atoms, Said 
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copolycarbonate comprises random arrangement of 
Said structural units derived from the aliphatic diol and 
Said aromatic hydroxy compotmds, and Said copoly 
carbonate further comprises Structural units indicative 
of the activated carbonate. 

42. A composition comprising a polycarbonate, wherein 
Said polycarbonate is prepared by reacting together, in the 
presence of a catalyst, one or more aliphatic diols of the 
formula I: 

(I) 

and one or more activated diaryl carbonate of the formula 
III: 

(III) 
O 

Ar-O-C-O-Ar; 

wherein Ar is a Substituted aromatic radical having from 6 
to 30 carbon atoms, Said polycarbonate comprises random 
arrangement of Said structural units derived from the ali 
phatic diol and the aromatic hydroxy compounds, and Said 
copolycarbonate further comprises Structural units indica 
tive of the activated carbonate. 

  


